COMPOSITIONS AND METHODS FOR METABOLIC SELECTION OF TRANSFECTED CELLS
CROSS REFERENCE TO RELATED APPLICATION This application claims the benefit under 35
U.S.C. 119(e) ofli.S. Provisional Application Set. No. 60/681,969, filed May 18, 2005; which is entirely
incorporated herein by referen(l:)eg‘%ﬁﬁng THE INVENTION The present invention relates to

novel selection marker vecidre dsh& WQ&% EQM@E@@Q&Q% stable gene

expression systems in eukaryotSRIERS HOGKGROQUNB FEJTeplerlggnent of mammalian cell
culture techniques has revolutionized biological research. Cell culture systems can be used to test new

drugs for toxicity or efficacy at an early stage in development when human clinical testing would be
high-risk; to produce compleSRusRdhbpicRéing o Mh&BpaltiErappiiaiibks]@hich as monoclonal
antibodies; and as.a platiorm. for cell-based therapeutics i It and embyyonic stem
cell cultures, In a glltloaﬁ,p hcgté%rﬁﬁ%lt%gl)r%lreo%ng? %Lg%%%gg]%?géﬁ?n&éa%%t%kﬁ%%s 1é)lﬂxl%£red cell lines
gives scientispdieeponweefulNadlies tddiSonlerbivipuleting enimbichyistentiscfpiexppoirmed tatiom

Recently, thwg@&gnL%‘address regulatory concerns about contamination of cell lines used to express
biornolecules and subsequently to manufacture therapeutic products has become more critical. The
biotechnology industry as a whole is 3%k &MY FEANYEDSEION-BS-supplemented media for
commercial cell caftringdn:Qrdenie:LREMES habhatenialanimalRafbagrns.ar Miseasescaysing animal

proteins are not introduced into the human population via future biologics. Serum-free media are
becoming &SRR D ESREaiers o RN RS T FRE IR T BRI ksETAlly f588e used for gene
expression and protein purification within biologic product pipelines. The NS-0 mouse myeloma
cell line is commonly used in protein expres,f,jﬁ%gc%étem such as Lanza's GS Gene Expression
System (Lonza Group, Basel, Switzerland). 8O pression System exploits the inability of
NS-0 cells to prodiicedenduptmglttdminerialsireiieaithautdading ekngenolis: glitaibns dgithe growth
g}zgr'glrg ’V'Z}é%%efé%‘&.”&ﬁ%ﬁéﬁr% gutaming Sy NEEsR(PRPEAMAK LI Feluar ransfection with &
early stage in development when human clinical testing would be high-risk; to produce

complex human proteins for therapeutic applications, such as monoclonal antibodies; and as a
platform for cell-based therapeutics in the context of adult and embryonic stem cell cultures.
In addition, the ability to introduce heterologous recombinant DNA into cultured cell lines
gives scientists a powerful adjunct tool for manipulating animal systems for experimentation.

Recently, the need to address regulatory concerns about contamination of cell lines
used to express biomolecules and subsequently to manufacture therapeutic products has
become more critical. The biotechnology industry as a whole is moving away from the use
of FBS-supplemented media for commercial cell culturing in order to ensure that potential
animal pathogens or disease-causing animal proteins are not introduced into the human
population via future biologics. Serum-free media are becoming the standard protocol for
culturing mammalian cells, especially those used for gene expression and protein purification
within biologic product pipelines.

The NS-0 mouse myeloma cell line is commonly used in protein expression systems,
such as Lonza’s GS Gene Expression System (Lonza Group, Basel, Switzerland). The GS
Gene Expression System exploits the inability of NS-0 cells to produce enough glutamine to
survive without adding exogenous glutamine to the growth medium, by using the enzyme
glutamine synthetase (GS) as a marker for cellular transfection with a plasmid vector.

NS-0 cells are also cholesterol auxotrophs, resulting in a situation where media used

to support the growth of the cell line must be supplemented with both cholesterol and
1 .



NS-0 cells are also cholesterol auxotrophs, resulting in a situation where media used to support the
growth of the cell line must be supplemented with both cholesterol and glutamine. Adding exogenous
cholesterol to agueous media is an intricate and time-consuming process because the lipid must be
coupled to sugar moieties, such as cyclodextrins, in order to increase aqueous solubility In addition,
the coupling BrEUEEs 18RS BRI 5%%?#8%I%@W%%%?&&-%Mﬁ%t%th media with a

very short shedfdlifesushes, iwbanctietidatydefinedusein fige- metdigctCRciRM) are used instead
of fetal bovine1 serum-su ple&’ne ted media (PBS) t lture_cholesterol-auxotrophic cell lines,
clo orde: % ogﬂ ﬁ)l)‘ﬁﬁ

cholesterol Bredipratibn BEEars eGSR Firaty’ Ste ) 4SS SR SRUR R BFRE IS ugh small
p_ore_f_sterilil'szﬁ\grmémbnanabﬁ, samﬂt&?ﬂ;\ﬁfﬁpﬁa‘eﬂ:@-ﬁsﬁpﬁeﬂenﬁéfw i ﬁm@@i\my'h_ Mets, ,sﬂmﬁf °
signiticant qucing the amaunt . rol In the final tiltere I IS ISsue. furtner
contributesg%gl?r?#ghg%éﬁ%i’evg%ﬁ cﬁgﬁl%l%%%ﬁ%er%ﬁae%%%se eo?]géjlcﬁr;@é %‘F %/I p%%lﬁ%gﬁga{?%gdia
Addition ofegXegehovishuiasterpbtirestiydtondedlBS)ithoutpassivigstarougkaifitéiaisdl increases

the possibiﬂ%@%f@&%ﬂ&&&%@&%&éﬂ%ﬁ@ﬁ@%ﬂ%&fg}a%f?o@@(%@é§oﬁl§%§§%§%§i%md The

molecular mechanism underlying the cholesterol auxotrophy of NS-0 ce y been identified

and charadtérsel yeehapsasiabiregsrrebrarcutires EEE Ale ING BBerosefinbzsosied by Dr .1
Jarvis, MR, ahoratary Q%MQI%M?E%@&%%@&HM@% BRI YGIRAIR IR FNeYnARA:41981). The

cell line does not express the gene coding for an enzyme that catalg){ézes a step in the endogenous

biosynthesis 5 SFASLTEIG CAREPsRe Bstasistereitste it dabatae e RaIRys ohshAlHiEal of a large
family of betadiyekaxysierid daliyeiogenasesrnseraedat-Ry theapeeiitdans Witk d-KaRagrotein
catalyzes the convefsjon of zymosterone intq.zymosterol, a precursor of cholesterol. Marijanovic et al.,
1706 MOLIENBUCIN GRS THE8 B A RSP CF G A BF R Gt Rave boen
proposed tedadudltesadthgenitodagierammuxatiaphy of NS-0 cells with the goal of making the culturing

protocol more effiﬂent %p%llfss dependent on %lgjcc Sflé{oclg les eroloﬁglugilit Nsagu%?u media. One

approach has been to Use P Ant-gernec o?ﬂsfﬁ etic ri%f: S iRstead ot Anital-derived chole&terol to

supplementeGdiln bdéa. iGuriibedetnal SHESSHBIGITECINGL T.PREIGH 6826) 06 sAANIHeCE@pproach
Has been t ) . ' ) )
as been &&’%E‘?&dé‘ﬁ)%ﬁ%ﬁ&ﬁ&‘ﬁ! %%R%l?ft § HOGES o%%‘ﬁ%ﬁ@@&&!‘%%%&é@ﬁ%éemy

and allowing the cell line to’be cultured witho addition of ‘exogenous cho al.,

121(2) .1. BIBFEMrNGE ipFrap@one)! $halyheastibichdecarstinvpsigshingetrecaisieciaar basis for
3-KSR geng igagtiviyin Me:Q£ells @@1@%@@9@%&&@%&9@&%@&%@ oRbRistBe 0ens By gemethylating

a critical upstream regulatory region, which would relieve the transcriptional repression of the 3-KSR
gene. Sethealed. > stastarot enmeen (31888 s monbey ebedeee familpoEhsiatbidrarereithains a
great needdehthiedgiatecinplegyoisdusing éaneanerading stableicsil inesitheataghtansfection with
expression vectors in chemically defined/serumfree media, which are capable of expressing

heterologot& UL IMSTET08F IR RIGARIYs LA el Ghetfite, JYAREIREPhAree media is
usable off-tHeoshetwithootthe mead forsraiesnatic addition of exogenous cholesterol. The present

invention provides an expressjon vector containjn ene or poiynucleotide,encoding an enzyme in
the sterol or cholt)if‘eélt%rpo eﬁ%f‘éllr#ﬁreetri% %5%%33%?%6&%%%8;83?88&??%@ fﬁ?ﬁé??s%(ge %ﬁﬁg of the cell to
survive andibwicopiuyed S/-Ohedscally: tdefimat cindibirgeiuntfriaemeaiacdMhenrthisfexpreasion vector
also comprjses,a gene lynucleoticl codi eterologous pratein,.polypeptide, or peptide, this
vector is uéisaFg%gggr%né%ﬁgﬂ%cgéﬁéﬁfgge@ars ncl)%ge}elfe%ﬁﬁg rgHszgg ed r;%fﬁ% %Iiggc%l\ an %ﬁ%gene
encoding theusemlrologoisprateimthriicdaridsenstodliebanimehéeivadiyudfied dndiamiensmi-free
media. SUMNIRRY. cdiePcesent ipifinndaiaiessiodio¥RbmataRR|C ReiRAloRMaRka¥ectors, and

methods -for using these vectors to generate stable gene expression systems In eukaryotic cells.
been to engineer NS-0 cells to overexpress 3-KSR, thereby reverting the enzymatic

deficiency and allowing the cell line to be cultured without the addition of exogenous
cholesterol. Seth et al., 121(2) J. BIOTECHNOL. 241-52 (2006). Finally, researchers are
investigating the molecular basis for 3-K.SR gene inactivity in NS-0 cells and attempting to
restore expression of the gene by demethylating a critical upstream regulatory region, which
would relieve the transcriptional repression of the 3-KSR gene. Seth et al., 93(4)
BIOTECHNOL. BIOENG. 820-27 (2000).



The present invention includes a vector comprising a polynueleotide encoding an enzyme in the sterol
biosynthetic pathway of a eukaryotic cell, a biologically active fragment thereof or a biologically active
variant thereof and a polynucleotide encoding a heterologous polypeptide. The present invention
further includes a host cell transformed with the vector. The present invention also includes a kit
comprising: a vechrveoinpessiril aesstemsongprisimepd indhprhiockedicd dppielmsoddsraremaynge in the

sterol biosaiietc, paway.of & etkarvolic.Selln3 Hilogiaalasiive [iRAME! hieieol abiologicall

active variant thereof; and optionally one or more of: a plurality of host cells that are auxotrophic for

cholesterol&erenmibally ek neeicamtimofreermesing, ptovlh asuis prodserss tHdosepport tidighdivth of the
plurality of hogteeizahlomiserdinsRrdHanaldensitiesiand ALieaskone RIQeshehWRLER ¢

instructions to utilize the Kkit. The present invention additionally includes a method of selecting cells

that can sufoive s A ditAB Of ehorserttorRIRTHRINg SRS FaG tRYPRiigARyOHIIERHR that are
auxotrophig:fgrshiolesterel vithauaciareBPpsIhafelipusieatidethat sRcodemanaoryme in the

sterol biosynthetic pathway of a eukaryotic cell, a biologically active frar%&ment thereof or a biologically

active variaRETEE? nEsSPeHE R BHEARSE 6FESoAGAeb st B s Ao AR Y RAHEFATLBUS protein:
and selectisgrosistlidideiaitbe abdityhiosivndednadmediorbelackingohetestevdben thifhe present
invention further comgri%es 2 method. for obtaining clells t ag%ave th abilr'g to ?rl?Jrvive in a. medium
lacking cho e8IEPOPana 1S rpar<§ U g%%?e?ﬁ%%%?f Br%?&c Nole] ep?f%(icr’l P anSiect 50351%%%{}& cells that
are auxotramhipbotidhotestpiidkyilits aartotds aslidscribedfetainderttainimglan ensjeoethsuch as a
3-KSR, and at t lynucleotide that enc heterologo rotein:.and selecting the cells
et heve T I S BT e
FIGURES inFighgreisallx definsthendahechioeiieminedipathway for enkaryotic and specifically,
mammalian sterol biosynthesis which is partially mediated by the product of the 3-KSR gene. Figure 2

depicts the plasrnid map of p3-KSR expression vector. Figure 3 depicts the plasmic' map of
p3-KSR:niAbYILMAbVH expression vector carryifiBddplete human, antibody light and heavy chain

genes cloned in tangdaisent HigkiRA denicts the plassishaRiet R kR 3:Eec.a8Re AN example of a
recombinant gene construct (rec_gene) cloned into p3LKSR. . ) _

methods for using these Vectors to generate stable gene expression systems in eukaryotic

cells.

The present invention includes a vector comprising a polynucleotide encoding an
enzyme in the sterol biosynthetic pathway of a eukaryotic cell, a biologically active fragment
thereof or a biologically active variant thereof and a polynucleotide encoding a heterologous
polypeptide. The present invention further includes a host cell transformed with the vector.

The present invention also includes a kit comprising: a vector comprising a vector
comprising a polynucleotide that encodes an enzyme in the sterol biosynthetic pathway of a
eukaryotic cell, a biologically active fragment thereof or a biologically active variant thereof;
and optionally one or more of: a plurality of host cells that are auxotrophic for cholesterol;
chemically defined, serum-free media; growth supplements that support the growth of the
plurality of host cells at low-seeding and clonal densities; and at least one protocol or written
instructions to utilize the kit.

The present invention additionally includes a method of selecting cells that can
survive in medium without cholesterol comprising: transfecting eukaryotic cells that are
auxotrophic for cholesterol with a vector comprising a polynucleotide that encodes an
enzyme in the sterol biosynthetic pathway of a eukaryotic cell, a biologically active fragment

thereof or a biologically active variant thereof and optionally at least one polynucleotide that



Figure 5 depicts pEFKSR.1HUMAB which provides an example of 6 possible antibody gene cassette
expression orientations in the multiple cloning region of the p3-KSR expression vector. DETAILED
DESCRIPTION It is understood that the present invention is not limited to the particular methods
and components, etc, described herein, as these may vary. Itis also to be understood that the
terminologynesddstreheteridogeBsarehe Bitpelsstbtanretictbih§yarthaabBmbcumiEa s 1MfiEhd is not
intended t%lff&fhg@ﬁfé@%%?“ the present invention. It must be noted that as used herein and in the
appended claims, the singular forms "a," "an," and "the" include the plural reference unless the context

a
clearly dictates otRERIESERATETIP L I mBtenEr P LipopruaRs el b havediice to one or
more polynugiaotides:and incusemeduivalepimteies knawndedhese skileddpieaiteand so forth.
The term "vector" is a reference t%g self-repli aggg DNA mol?cjegglle w&g@ also.isr ferreolt toaherein as
a "plasmid “BRAT SREHRRERAIAY FEASPL LR HARISARRE RS IR ERYRETASBNA Beiments as
an acceptog@tiyeigneiheismiogous RAkhnd hadealeiddgOR s sbdieirapalypeptidedeqriptitiet are
intended to encompass a rotein that is useful.to treat conditions ar diseases or as reagents.

Unless defifi&d %\fﬁ%%\?fgléo?é%% és'é?fﬁ?:ga &ni g%lgcr%fﬂ‘%:tf ee?reraﬁss %%ég Vg(r)é}ﬁ %é@iyt%esggrwg 1rrrl1geanings as
commonly nrdérstdacking ondasfeootliinary skill in the art to which this invention belongs. Specific

methods, devices, and materials are described, although any methods and materials similar or
equivalent to those described herein can be used in the practice or testing of the present invention.

The present invention provides EdthBERBHEREDTHMN6HE THE N et Rtbbolic selection of
transfec.ted cells l?%dﬁé@l‘?ﬂﬁ@ﬁ&%é’%@ &%@%ﬁl@ﬂ‘?&ﬁ{@{a&sﬁr ghbiesynthagiseathway as a metabolic
[ en

selection gene in eukaryotic cells which are deficient in the enzyme, Eukaryotic cells with these
properties ararusatigrstabhirsniibasn Bhichireasidhonsdirbrdudhe neprast 8 178p e SE B8RFpeptide,

a protein or anothes malecide thahisynahnermally mreduged hydhesalbcrpecifically, the present
invention. utilizes 3-ketosteroicl reductase (3- KSR) as a metgbolic seE&tioFréﬂ%ane in theg?eneration of

eukaryotic cell lindd&hHichdracHfieiBRES REFOTO the DrodtRYibmst fgSts Ritiecule such
as a peptidgaaypolyReptide B eleifo Mewium Weich taeks @xegehnus ahaleRierol or any

precursors of cholesterol downstream of 3-KSR in. t aryotic cholesterol biosynthetic.pathway.
See Figure 1, Whiﬁﬁ%‘?&ée%@?ﬁé%giﬁé%?c%%%%%%a%ennl%il%heéifqé%}%ﬁ)fss%//lﬁﬁenélgégv%}ﬁ?ch is
partially meghateshimt:3d(r&Rgene) MonedspecifisailyRthe present invention provides polynucleotides
and polypeptides %?C%%'E‘%eaﬁ‘cgn?@ﬁ&@ ) Aliap Srtc?&%e?'gé%%%ﬁgt 2 g‘é@‘b?e‘; provided in

Figure 1, where suchenzy or example is 3-KSR, vectors for expressi nzyme, such as 3-
KSR. cell linestthdy gredefisttnteirpthesionaynetasiooh ias8-kekiptedleultgreegieti Bsd bwh
suppIemen&{)%%§§§§nigemgr;ransfection process, and kits for commercial exploitation of the present
invention. e present invention includes a vector comprising a polynucleodde encoding an

enzyme in the sterol biosynthetic pathway of a eulcaryotic cell, a biologically active fragment thereof or

a biologically active variant thereof and gpelypupisalifs@rpediroa heterologous polype,plide. The

enzyme in this vector more specifically comprises a 3-ketosteroid reductase (3-KSR), ﬁgné%mo e
specifically a muriﬁ@%%@??@ﬁéﬁﬁé%ﬁ%@ﬁf&ﬁ%%&%lBBH&"@SJ“%ﬁ&)ﬁ?ﬁ&ﬁ@-@ % ﬁﬁ)‘{ises

SEQ ED NQ@uhyshisheaeosas iheainiog aniahseanercade presenedoiy SEHb dALtahe comprises
SEQ ID NO: 2 which encodes the amino acid sequence.r gre%entedf%y %@Eﬁ%flﬁ‘lg %J.O:4. The vector
as describe FEHOL & RSFERSITR & R8T Wﬁf’éﬁfﬁ SRS RETH YR RSSO SA R ther
comprises ahleasié fishtanschpiiondsibferd propiestgenemiiah It must be noted that as used
herein and in the appended claims, the singular forms “a,” “an,” and “the” include the plural
reference unless the context clearly dictates otherwise, Thus, for example, a reference to “a
polynucleotide” is a reference to one or more polynucleotides and includes equivalents
thereof known to those skilled in the art and so forth. The term “vector” is a reference to a
self-replicating DNA molecule, which also is referred to herein as a “plasmid” or a “plasmid
cloning vector”, which is a plasmid used in recombinant DNA experiments as an acceptor of
foreign or heterologous DNA. The heterologous protein, polypeptide or peptide are intended

to encompass any protein that is useful to treat conditions or diseases or as reagents.



transcription unit is under control of the human cytomegalovirus promote Details of other units and
elements in the expression vector are described in detail herein. The present invention further
includes a host cell transformed with the vector as described above. The host cell is a eukaryotic cell,

which is known tq pesrsonsiskilegdritie, alt tecinchadedhecReataetistasthe-FunginthesAmmatia: and the
Plantae. Therefore, fungi, plant an mmalian cells are intxi(nded 0 be encg}ggo?lssed bX the present

. ma
invention égeéﬁb}%b?ﬁa‘i@wyeﬁggefﬁtg QY 881 prerdramiy Fophite B EHOIRS BTG Yecific host
cells that asg sisefukindiecRreseidsjavelio aatad G Noe kl aotbed; 1hiRikicatls naettladwoaed
specifically an NS-0 mguse myelo ell. The present invention also includes a kit comprising: a
vector corﬁ%@fﬁ% as\?é‘é%PES%?&)WE%%%&&%W%&%?E%{‘? %‘?ﬁ% gﬁ%tg eus“:’eag{nme?]hze MY r?é%tgir%%
biosynthetief piathwneayrofaventkaryotic cell, a biologically active fragnent thereof or a biologically active
variant thereof; and optionally one or mare, of: a plurality of host cells that ic for
cholesterol; chem%ggl r%geef%é .,ngleoﬁl n-free me |goséﬁb%%ﬁ%§pﬁ)bﬁ?eﬁr€%n%§ ﬁg?%%%%ﬁ%ﬁ{% growth of the
plurality of febstivelislatdoviseedinly bnddions densitios; ehdatieasdire BiRyED COP BIAGEEN
instructions ig, Wil he ik aoied abous. the enzyme RIRIARY iRARHRR.mand dgyagreferably
a murine 3-ICSR ‘with the

vector containing for example, useful polynucleotides encoding the enzyme
comprisingESEQYI NGl vt iSECRTPPRIGe 2y Hedd | oR g estitas b AE B d6 iR 2#ATSo acid sequence
of the enzymEsRIMAIAINY SIS NOLR AU GECHIMIVH ditsnadtivebnlthaxertar ekt

preferably a recombinant DNA expression vector, which optionally further comprisgﬁsﬁ%{%lt% ta first

transcriptioPFeAHEsA DY Broaeibt SRFraipHich e RSSTBLB THHETS THES? darfieiBrind

cytomegalguyis Rromeolic slhgdiosteelistin the kitase preferabliNee0NG-YhancdhEHO-215 and
more preferably an NS-Q0 mouse DayeJoma ce|l that are adapted to grow on chemically defined,
serum-freedFeAf RS R che '%(iwlagf @&ﬁ%@&%ﬁ?mpm%ﬂﬁ%u%t%cr}fhaesran?gyl{b(%ti%naIIy contain
growth suppleypemidavhieheaipiisedl @asybick btkatty agideire el BAtgroé combimasivhsarsar
interleukin-t (MIL-6), recompinant insulin, sodium selenite i \ d ethanolamine.
More prefe?gg?ﬁlgtﬁ’gﬂg&”v?ﬁ selflglp?eir%lnfg%%sﬁégﬁﬁr%gﬁng%gﬁg%ﬁ%% ?ﬁgglgﬁ&%%l%@vn%du%? of about
0.1% to abbigs94 fathyicicicefeds BSA]abeutitratialy v Shounamglinl skarpl & eyethesimgial to about
15 mg/L recombinant hup insulingabout 5 ug/L to about 8 p.g/L sodium selenite, about 0.01 g/L to
about 0.3 d‘ﬁ_péc%éﬁum%%\%eg}ﬁayngsa%but 0.5 mg/L to about 3.5 mg/L ethanolamine. More preferably,
the growth suppleiheistspesifiptise ﬁﬁ&@@ﬁi&éﬁ‘l’l@ﬁ@ﬁ?ﬁ@éi@dﬁﬁ%@%ﬁ?éﬁﬁ%@%@%?&ﬁ& acid-free
BSA, abouta%gfé?Ma@z}ﬁn@@mtewamg{mpaeﬁmmym@ﬁgpwaﬁwé@u AR R ROt Sedium

sele.nite, about 0.11 g/L sodium pyruvate, and about 2.0 niglL mg/L ethanolamine. The invention

further incl e S eehHBEMEH of Cemalftird-Sapp S ATEH s Lo BFSHBHRE CE B T4t h selection,

medium of gheutBilYdombaont 596 Jatly iacit-tesRSALabayB IIgANLLD aout fewiabdMIL-6, about 5
mg/nth to about 15 ing/L recombinant human insulin, about Sérﬁ{ , ,fgo about 8 ng/L sqgj%rtn 1§lelenite,
about 0.01 §2tH BRI TQHBRG Hr HARECHIRT RB3TED. gﬂ? 88U S B mgrt étianolamine.
Additionallyfthe investieavataincludes a composition of cell culture supplements comprising final
concentrations in selection medium of about 1% fatty acid-free BSA, about 5.nginal rhiL-6, about 10
mg/L recombinant SRR ?té%ﬁ’t(%f‘?eﬁﬁitvggtgiﬁ% Teni ?%%uﬁ?iﬁ%ggé%%ﬁ%%ﬁ{ﬁn %%ruvate, and
about 2.0 negfymgiih tathasolditvietheti ciimhwrasefit inventioncadtitobalySivelldes aaiatgogib
selecting cells that can .survive.in medium.wi e ising. focti yotic cells
that are aui%??g%%% ([)%rl%a:? ggltlg rg]c\lfi\/’iff‘hvgn\?gg}gg %:g ?h%r%%&ﬁ%?y%%%ﬁgg ?r%%%%é%gan enzyme
ir! the §teropbigpgptthgtiEmmmmhaﬁqmryoﬂ@my%?@@rﬂgiéaméﬁ;ﬁ/é Frigivrerroifsreptiorca
biologically acfivg yarfanh hetgaliAng onrianale atiae! eae-Ralvalrlagide iabiongadsases

beterologous protein; a cting cells that have the ability to survive in medium lacking cholesterol.
Preferable hostdags ar&RiSOMSses SR EMDO15 vdneh srerdab iy areEraciis s rmouse
myeloma cglis.and e nediym isehe nisabigenedimpdisaum ieaar shemicalydafivedidThe
enzyme useful in this method comprises a 3-KSR. The present invention further comprises a
method for #eEaRfsgeBREHiet PusEthED M to survive in a medium lacking cholesterol and to

produce a heterolagaus QrRtaiy GerRisIBey transtsstingyatkanmtimend b ihatam-auxatiepbic for
cholesterol with a vector as described herein containing an enzyme, suc%w as a 3-KSR, and at least

one polynudTetRPHeRclN (HERE SIEIERSIDYIGEShPoTETh ARRPIBHAG Y AdiFS g Fa5e s bility to
survive in medium lacking cholesterol. As previously described, the cells are auxotTophic for
cholesterol, and preferably are NS-0, NS-1, and CHO-215, and more preferably are NS-0 mouse
myeloma cells, which can be cultured in a medium that is chemically defined and serum-free or
chemically defined. 5



The present invention further includes a method for producing a heteroloaous protein in the cell
cultures system described herein comprising: transfecting eukaryotic cells that are auxotrophic for
cholesterol with a vector comprising a polynucleotide that encodes an enzyme in the sterol

biosyntheticpathiwaynafra: euadyoticreel] @ diolagiealbyastivedemnepidhereoiarabidegieally active
variant thereof; and at least 0 olynucleotide that encodes a lieterplogaus protein; and culturing the
853 ﬁ%%%%&&&%%p%hérﬁsgfg?ﬁigﬁ%%r BrSESHOShE r‘ﬁeé?ﬁgﬁ%ﬂﬁher comprises obtaining

cells underconditf
the heterologous Phetetesérormthetcel | foutiaréenbindeslating, sdparatibmosduriificationctechniques known

to persons géiél.di he art..The cells are auxotrophic for Chalesterol, and referaﬁ)l are NS-0, NSTI,
and CHO 2 o N S S R R P e
that is chericilipelefingd notedrsim fre&ungchbegathypefmetithe Plaite. pidsesfoinyBmgon further

includes mere: sheciigalla melind af exareseing AheiEipiedous AigeampYsing,cuuring a cel

transfected with a vector comprising a sequence enco 3-ketosteroid reductase and at least one

heterologo@BIEPBtES P sheciBsdiceofidss|psttssh hinderso grionsocppiriiie thakeiéediotous
protein whegginithe preigirad cellsradibaresdium aiedesaed.abeyen b 3sKefasigproid keduetases

The present invention utilizes any eukaryotie 3-KSR as a metabolic selection gene for the production
of heterologoEaisAE ST O H BIRBSEITEACH murine 3-KSR may be used, specifically,

3P-hydroxysteroid:hNAdMikroxvedtictasss alshdRonpasoisRaned INedNusleatie Agsession No.
L41519) with a n.u.CIeotidi seq en%e glsétfoIIOVés:(SEQ ID NO: Qri%gATﬁA ,CTG?&AT G GGAT GTC
CCCTGTTERBTERASAPRANG B AT B EHEIA & SH BT A G RAY Y EARK B BEEAREATTC

ACAAGGAG R yHGEIC T ARG GHCAAGKAMT GO IAKGALCT ACETGTCRAARA AT CRECATC
TTCTGGCTGC GG AGTTCT TTTAAATTA AGGCTTICC GTGAGCITCC TCTTGATC
T OAG I R AR AR R PR SR G o B LR T PR oG aT
CCAAGGTGAGABGABIBET,GERCLEOCET, GR TG TACTFRABGOTATGIACAGEACATTCTGAAT
CATACCCATAGGGASAGTCO SCCTITCATG SAGCAGTON GCCANGERAG CAGGABCCTA

ATTACAT GAGCA TCTGTCCCTG TGCTAC ACA A. TCTAGGCTAT
CAGAGTGOHNTANG TOAGaG e kit. As noted above, the enzyme preferably is a 3-KSR, and more

preferably a murine 3-KSR with the vector containing for example, useful polynucleotides
encoding the enzyme comprising SEQ ID NO: 1 and SEQ ID NO: 2. These polynucleotides
encode the amino acid sequernce of the enzymes comprising SEQ ID NO:3 and SEQ ID
NO:4, respectively. The vector in the kit is preferably a recombinant DNA expression vector,
which optionally further comprises at least a first transcription unit for a product gene which
transcription unit is under control of the human cytomegalovirus promoter.

The host cells in the kit are preferably NS-0, NS-1, and CHO-215 and more
preferably an NS-0 mouse myeloma cell that are adapted to grow on chemically defined,
serum-free medium and/or on chemically defined medium.

The kit further may optionally contain growth supplements which comprise at least
one of fatty acid-free BSA, recombinant human interleukin-t (thIL-6), recombinant human
msulin, sodium selenite, sodium pyruvate, and ethanolamine. More preferably the growth
supplements comprise final concentrations in selection medium of about 0.1% to about 5%
fatty acid-free BSA, about 1 ng/mL to about 9 ng/mL rhI1L-6, about 5 mg/mL to about 15
mg/L recombinant human insulin, about 5 pg/L to about 8 ug/L sodium selenite, about 0.01
g/L to about 0.3 g/L sodium pyruvate, and about 0.5 mg/L to about 3.5 mg/L ethanolamine.
More preferably, the growth supplements comprise final concentrations in selection medium

of about 1% fatty acid-free BSA, about 5 ng/mL. rhil -6, gbout 10 mg/L recombinant human



GGTGACAGGA TGCAGGAGGA CGAAAACATG AGTACTGAAG AGGGCATGTC
GCCGCTTCCPCCT.ACTGGAT GCTCAGTGCT GCCCATGAGG CAGCAAAAGG TGAAAAATGG
TATGGGGAAG GAACAACAGC TGTATGTGGG CAGGACCCCA TGATAACACC AGGAGTGGGG
CTTTACTGEGAGHITATANC ATAR GG, EHoAGACAC FGTGGANEAGIPaEA: GCAGGAGGGT
AGAGTTGCAG AAGAGGAATT GGAGACA.TTC TGCTGTCATC GACAGACCAT GCTTGTGTGG
TGTGGC RROAEEATCA ATGGCTGAGA TGGCACTTTG AATGCCAAGT ATAATTAAGA
CAATGCAGCC AGAAGTGCRCEBE TCACSAAMMEETOT GRETTUTTE SRIFEGET TATAGBECAC

TooAToER A A R RS e S e B it acach
AGGCAG PECT ICATACT EETGCRETTONAC CoAR AATGOL RATGG S e ASAPAGTATCCAA
GCTATCAIGHGALEL IGGCT G 1o BOM ML CGEITAGRNHR ARG RRMBGRNG

ACAGGGAGAC SEQ ID NO?1 encodes a'specific 3-KSR that has the amino acid sequence as
follows: MUHAB O3NS ahMoRRe deduenct @ in Ng3pthanolamine. Additionally, the

MPGWSCLY EGABLR B YRERMIEEELQE] culture supplements comprising final
IRALFRTFGRKREEELSKLQTKAKVRVLKGDILDAQCLKRACQ aviSAVIIITAAP_IDPR3AASRQT

ILDVNIKC PRCPLEADVENSSE 65 T SPeyA PRE FRENPAP DR Hirge/ mL rhlL-6,
SfI7TPNPYR¥SKNIZHeAVET M aREL RQee GEURT ALRLP EIGREGQY F8dnidkebAbdNS IJKKICATTS
TAK. PVTVGNAAWAEILAARS L%?lDfé)(KS S|§G FY. YI SDNTPHQSYDDLNYTLSICEWGLCLD
SGWRLPLSS PR BRI LF?%B(/{;’EW ﬁ*ﬁ%ﬁ%ﬂ.ﬁuﬁ TVLNSVFT | SYKKAQRDLGY
QPLVSWEEAKQKE BieMimnk GIeQ bt ElohhIHKKISd@¢ a mefdditidneldyiiothedfuthetional enzymes are
encoded by genes includin t not.limited to, 75-hydroxysteroid dehydrogena ? Crisdl 7b7),
o T B N O R e
313-Lisa Vaandtmmst@r sbiglmityd] I}Mi‘m icheater mmsﬁagmm@mn@wy as®ketosteroid _
reductases,,gpecifically. 3. 9%%%&&%9&'3%&%%&%%% %ﬁh‘ii?%féﬁ?%%ﬁz@%%%?&é&em'd
which contai

(17-beta) eiehydrouenase 7 (Nucleotide Accession No. NCBI: BC011464 ns the following
murine IISBETe7 prieiiotitacebyeHte verrH Bearpicishpptionally at least one polynucleotide that

encodes a heterologous protein; and selecting cells that have the ability to survive in medium

lacking cholesterol. Preferable host cells are NS-0, NS-1, and CHO-2135, and preferably the
cells are NS-0 mouse myeloma cells and the medium is chemically defined and serum-free or
chemically defined. The enzyme useful in this method comprises a 3-KSR.

The present invention further comprises a method for obtaining cells that have the
ability to survive in a medium lacking cholesterol and to produce a heterologous protein
comprising: transfecting eukaryotic cells that are auxotrophic for cholesterol with a vector as
described herein containing an enzyme, such as a 3-K.SR, and at least one polynucleotide that
encodes a heterologous protein; and selecting the cells that have the ability to survive in
medium Jacking cholesterol. As previously described, the cells are auxotrophic for
cholesterol, and preferably are NS-0, NS-1, and CHO-215, and more preferably are NS-0
mouse myeloma cells, which can be cultured in a medium that is chemically defined and
serum-free or chemically defined.

The present invention further includes a method for producing a heterologous protein
i the cell cultures system described herein comprising: transfecting eukaryotic cells that are
auxotrophic for cholesterol with a vector comprising a polynucleotide that encodes an
enzyme in the sterol biosynthetic pathway of a eukaryotic cell, a biologically active fragment

thereof or a biologically active variant thereof; and at least one polynucleotide that encodes a



ATGCGGAAGG CCTTTGCGGT CGTGTAGGAA TCTCACCCCT GCAGTCGGTG TAGACTACTT
CTCAAGGCAT CACCACAGCG GGTTGCAGGA CGGGAACTGG CTGGACGTCC TCCAGCACTC
GACCTCCTGA TTCCAGTGTG TTTTGCCTCC CGCTTTTTTG CCTGGTGTGG AATACGCGAG
AAGATGGACA® GG AN GOTGAEGAT RIS A GEACTGRTCE GOTGAGGAM
AAGT GTCCGGGGTG ATATCTGAAT TTTTCTGCGG GAAGGAATTT GGTGTTTGAA
AACCACTW@?WOT@%W@&K%K@@@@@@W%W@'@M%?@P&& OB BT FaATCTGG

TAAAT GCeGIEFGINIGRACH LAHECCAGHTRR TALATEGAAGANABGETHGIECAIGACBEBGGCG
CAGAAGACGA

T OACCOACARHCCARTCTEF CHCRERTERC EAARBARGEC CANCELTALK CAACACRART

GCGTCG ke hACGHTGE TCE CAGEGHEAGARRABACCGCAIGBATT IGEGAIGAECTGCTGAA

GGACCACCGT GTGGCA TGACCTCCAC TTC TAC CAGATGGATG CAAGCAAAAG
TGCCTAA E@lﬁéﬁﬁﬁéd?@i S‘F&?X@ﬁ%@b“%ﬁ%@&%@%@TT GACAACCCCT TAACTTCAGC
GCTCTTCCAA TTEAACSABAGAC ENACT ATEIFADOE ATAATEC CTACHAC S BTFESTCT TAAT

CTAATTAGGT. A

TCA.GCAGCCT

%CT/&%%J by

AAGAT

TCAA2

Qf%‘_%&&;i@g_lg IQGREIAEEGTE VT |
CAA TCATATGTT ACTGCCGACG TATTCTGATT

GGEGCTGGCC

CTCAGCTCATCTGGALEAGAATATG ETIte AB e e AR G r AR GT & CTCCTT
GAG CAGARGECEILTGAGCABACREGEGAR AGS Ik TEAGTGAT GARE GHbrein the

preferred cells and the medium are described above.

1. 3-Ketosteroid Reductases

The present invention utilizes any eukaryotic 3-IKKCSR as a metabolic selection gene

for the production of heterologous proteins. In one embodiment, a murine 3-KSR may be

used, specifically, 3p-hydroxysteroid:NADP 3-oxireductase, also known as HSD3B5 (NCBI
Nucleotide Accession No. L41519) with a nucleotide sequence as follows:(SEQ ID NO: 1):

ATGCCTGGAT
GAGGATTGTC
CCCTGITCAG
CAGACABAAGE
ATGCCTGAAG
CTGCTATTGA
AATCTGRAAG
GCCAACATTC
ACAAGGAGAT
TGGCCTAACC
GGCARCBAAT
CCTTAAGACT
ACTGTGAARD
ATTCTCCATC
TTCTGGCTGEC
GGACAGTICT
TTTABATTAC
GGAGGCTTCC
GTGAGCTTCC
CCTCTTGATC
CTCAGCGCGA
CAAABRARCCT
ACTACACARAA

GGAGCTGCCT
CGRATGTTGG
GACCTTCGGT
CCAAGGTGAG
AGAGCCTGECC
CCCCCETGET
GTACTCABCT
ATCTACAGCA
CATCCTGAAT
CATACCCATA
GGGAGACTCC
CCCTTTCATC
CAGCACTGAA
GCCAACCCAG
CAGGAGCCTA
ATTACATCTC
ACCCTGAGCA
TCTGTCCCTG
TGCTACGTCC
ACAGTGCTAA
TCTAGGCTAT
CAGAGTGGAT
AAGTCACAGT

GGTGACAGGA
TGCAGGAGGA
CGAAAACATG
AGTACTGAAG
AGGGECATIGTIC
GCCGCTTCCA
CCTACTGGAT
GCTCAGTGCT
GCCCATGAGGE
CAGCARAMGG
TGAARAAATGGE
TATGGGEGAAG
GARCAACAGC
TGCTATGTGGG
CAGGACCCCA
TGATARCACC
AGGAGTGGGEE
CTTTACTGGC
AGTTTACAAC
ATAGCGTETT
CAGCCACTTG
TGGAACACTA
GA

GCAGGAGGGT
AGACGTTGCAG
ARGAGGAATT
GGAGACATTC
TGCTETCATC
GACAGACCAT
GCITGTETGE
TGTGGECTGGEA
AAGAGCATCA
ATGGCTGAGA
TGGECACTTTG
ARATGCCARGT
ATAATTAAGA
CAATGCAGCC
AGAAGTCCCC
CCTCACCARA
CCTCTGCCTT
TTGCCTTCCT
TATAGGCCAC
TACCATTTCC
TCAGCTGGGA
GTGAAGCAGC

TTCTTGGCCA
GAGATCAGAG
GTCCAAGCTG
TGEATGCCCA
CACACCGCTG
CCTAGATGTC
AAGCCAGTGT
CCAAATTCCT
TGAAAGCACA
AGGCAGTGCT
CATACTTGTIG
CACTTCARACC
ABAATGCCAC
TGGGCTCACA
AAGCATCCAR
GCTATGATGA
GATTCTIGGCT
GCTGGARACT
CCTTTRACCCG
TATAAGRAAG
GGAAGCCAAG
ACAGGGAGAC



SEQ ID NO:2 encodes a specific 3-KSR that has the amino acid sequence as follows: Murine liSD |
7b7 a.a. sequence (SEQ ID NO:4): MRKVVL I TGAS S G |
GL_ELLCG2LLUDDDLI-11,CLACRNISKARAVRDTLLASEP SADVS IVQMJVSSLQSVVROPLE

IEVICQKFQRLDYdpel NAG27 L PNRQE N6 T G SRIFRRMY LENRAE 53 Uedu QBPs follows:
SVTADGLQEVFE TNIFGHTT.L | RELEPLLCHADNP SOLIWT SSRNAKKANESLEDIQI-ISKGPEPYS

S SKYATDMNina HERHR @xinp veist ssanenseGEQ ID NO 3):

VNTNMTY. TLLLRIN CLKRAC
SINPLTIV AR SR M 00 M ok BT AR S - OSBRSS another

em bodimemermmm@wwm*&WMemzmﬂeweﬁmf the

foHomnng p L T I SYKKA GYOP KTSQ €L T%R? %?pﬁ%edin
Fig. | may %E;V d: &%%V%Hﬁ?e c}fﬁLHeT\fm?, ,Eﬂ flrlengpi?@ 6? Z?%S‘f?gﬁlépoxo a'methyl-56- cholesta-
8,24-acne3-KSR 4 3B-hydroxy-4a-methyl-5a-cholesta-8,24-diene (1st cycle)

5a-cholesta-3,8,24-triene-31-5-ol 4 3-CSR 3 3-0xo0-5a-cholesta-3,24-diene 3 3-1CSR
delta-8,24-cholesradRiAergopthe- HpdHoRAlsaE DR S65-noadark e 59 SSIBR L P EIE)

limited to, 17R-hydroxysteroid dehydrogenase type 7 (Hsdl7b7), 33-hydroxy-delta(5)-steroid
dehydrogenase (Hsd3b5), rat 35-Hsd I1I, mouse 38-Hsd IV, mouse 3/3-Hsd V and hamster 3/3-
Hsd IIT, which are known to function exclusively as 3-ketosteroid reductases. Specifically, a
polynucleotide comprising SEQ ID NO: 2, also known as hydroxysteroid (17-beta)
dehydrogenase 7 (Nucleotide Accession No. NCBI: BC011464) which contains the following

murine BSD17b7 nucleotide sequence which is as follows:

ATGCGGARAGE
CCTTTGCGET
CGTGTAGGAA
TCTCACCCCT
GCAGTCGGETG
TAGACTACTT
CTCAARGGCAT
CACCACAGCG
GGTTGCAGGA
CGGGAACTGEG
CTGGACGTCC
TCCAGCACTC
GACCTCCTGA
TTCCAGIGTG
TTTTECCTCC
CGCTTTTTTG
CCTGGTGTGG
AATACGCGAG
AAGATGGACA
GGAGCTGGAA
GCTGA

TEETTTTGAT
CGACTGCTGG
CCTGAGCAAA
CCGCCGAAGT
GTCCGEGEETE
ATATCTGART
TTTTCTGCGE
GAAGGAATTT
GETGTTTGAR
BACCACTICT
TCTCGCARTG
CAAAGGCCCG
ATGTGEGCTIT
ATGTGCCCAG
CTTTATCTGG
TAAATGCGCT
CTCTTCCACC
CGCCACCTCG
TAGATGAAGA
AAGCETGETCA

CACCGGGGECE
CAGAAGACGA
GCAAGAGCTG
CAGCATCGTG
CAGAGGAAGT
GCTGGAATCC
CATCTTTTCA
TGACCCAGRA
ACCARTCTICT
CTGCCATGCE
CAAAGRAGGC
GAACCCTACA
GARCAGGARAT
GCGETCGETGAT
ACGTTGCTCC
CACTGTGACA
ABBDACCGGA
GGATTIGGGA
CACTGCTGAA
GGACCACCGT

AGCAGTGGCA
TGACCTCCAC
TTCGAGATAC
CAGATGGATG
CAAGCAARAG
TGCCTAATCC
AGAAATGTGA
TGACTCGGTC
TTGGECCACTT
GACAACCCCT
TAACTTCAGC
GCTCTTCCAA
TTCAACCAGA
GACCARTATG
TACCCATAAT
CCGTACAACG
GTCTCTTAAT
CTAATTACGT
AAATTCTATG
TCAGARATCG

TTEGECTAGC
CTGTGTTTGGE
CCTECTGGCC
TCAGCAGCCT
TTTCAAAGAT
ACAATTCAAC
TTCATATGTT
ACTGCCGACG
TATTCTGATT
CTCAGCTCAT
CTGGAGGACA
ATATGCTACC
AGGGTCTGTA
ACGTATGGAA
GTGGCTCCTT
GAGCAGAGGEC
CCTCTGACCAR
CACGGGCCAR
AGGTCTIACT
GATCACCCGA

SEQ ID NO:2 encodes a specific 3-KSR that has the amino acid sequence as follows:

Murine HSD17b7 a.a. sequence (SEQ ID NO:4):

MRKVVLITGASSGIGLALCGRLLAEDDDLELCLACRNLSKARAVRDTLLASEPSAEVS IVOMDVSSLOSVVRGAE
EVKOKFQORLDYLYINAGILPNPOFNLKAFFCGIFSRNVIHMFTTAEGILTONDSVIADGLOEVFE INLFGHETLI
RELEPLLCHADNPSOLIWT S SRNAKKANF STLEDIQOHSKGPEPY S S SKYATDLLNVALNRNENQKGLY SSVMCPGV



Other specific examples of 3-KSRs that may be used in the present invention include other murine
3-KSRs (Accession Nos. NM 00295, NM 010476, and BC 012715), bovine (Accession No.
XM_591611), human (Accession No. NM 016371). A.3-1(SR Polynucleotides, Fragments and Variants
Thereof vnTherpeasent imventionralsresvigapolyrusieoticies ernopriisg ey 2K SREAHRTSEHEE of the
invention WP FESRERRY POIRUETEIRAESERRBERg 3-KSR includes, but is not limited to,
polynucleotides having a sequence set forth in any one of the polynucleotide sequences provided
herein; polynuclegfiglesbtainsdifiem the bipleaicabmatasials descrber drerain prothessbiological
sources (for example, murine or human sources) by hybridization under stringent conditions
(particular§PégRaoHEBFRIG %%%W}W@%%ﬁ??éé‘bgﬁﬁﬂﬁt ﬁ?@ﬁéoﬁ%{/ﬁ? S%sp%%nucleoﬁdes;

variants ofifheprovigled Ronucitedites aadi thelncoitespandinggedes, particularly those variants that

retain a biological actiyity of the enco ene product (e, biglggical activity ascribed.to.a gene
product correspofic Mﬁ% W&%g’%%%ﬁ%%ﬁ‘ga’ﬁiggéas%{r%uﬁ% Xghﬁgﬁﬁﬁzﬁi%ﬁﬁé%gne
product to &Jprateire f&rr}ilj&aﬁd&)Bﬁrbyémwmdia&Wm—Mﬁi@e&j%djﬁmeﬁ&ml qlomain present in
e e S B P

the present invention will be Teddily apparent to one of ordinary skill in the art when provided with the
present distlaklires A4-dseldstrastieire- Heotddhidypuiymicledudestabd4riietsiz sriestarn& intended to
be limiting 5}?011 the length or structure of the polynucleotide unless specifically indicated, The
3-KSR polynucleotides may comprise a sequence set forth in any one of the pol)mucleotide

sequences provideiHerIpTTIRE BIRISROB AN AURIBHTRS bb eS¢t s EH BERASALIBI ShEs iR firs

polynucleofigles havingsequenag sifsilarit onseduense, idgntinowit) Aative HKBRPNAviRAis includes
associated 5' and 3' untranslated sequences,g;omo,ter and enhancer sequences. 3-KSR

polynucleofieswiRAniesedienicbodimitarmird ar Basidtdite O - A Btitization under low stringency
conditions, for example, AESACIhEENSRIes(ArBavhealiveii0f M sodiTarcivate) and remain bound
when subjected tg washing at 55C in | XSSC. Sgﬁue ce. entitgfglaé beggeﬁ[eﬁiﬂnﬁ% b%Ohgt())rEi/ldization
under stringent cOnifEHS P ERHADIE AFSEEY HJ@[I:?@P O LLSBE g MV salihelD.8 niM sodium
citrate). Of geussentiybridizatiardaethodsatiebadaditiond iapesviciifkinaluddn the anaridatbalernative
methods and, conditions may. be used to identify additional 3-KSR n i e 3-KSR
polynucleoﬁalé@% ?ﬁ(ge1 ﬁf’ergsae}’;l}?%\l/%% Pgﬁcglg%t?r%l%l Ear?gtalrleell@/ﬁ?&%ﬁﬁ%&%%ﬁg%% %{‘ut né;@ngSR
nucleotide peryiddes de.gpodageketsies vatkmd falfelib vbivkees: o g dassrdiahaBeSR

ngf&né_%%ﬁa '&%ﬂﬂ@b%q Bibridization,afputative psiants with

polynucle,otj esbpflg'%g e 1@6'
nucleotide g{egc?lrjer?ce ﬁc?fsec% erein, preferably by hybridization under stringent conditions. For

example; bsiisgeg spptopratowtshlabnamdiionaidieh sFiReesRE RpRATETIdEEde ’fibed
herein can he identifiadwhete doe alglicvariantsxbibits slimesi Aueut 255308 basespaiki(hp)

mismatches relative to the selected polynucleotide probe. In general, allelic varjants contain about
15-25% bpatismatehadadidhosn eaHaina e BoKP5T50 BRo5dhe 5P FHM IS4 Ehes, as
well as a sipgle bpimispalchiivity Theipeasentdoveptinnalsorargonipastes boroologs corresponding
to the 3-KSR polynucleotide sequences provided hergin; where the source of homolpgou genes can

| X I
be any mamthAEHFePeaIds b AR AFA SHEERD . QA HE R R AMSh B AEN R E}E‘ﬁ? &Y4fS: canines,
felines, bovipgsinvinesli@aunes yeasicatmmatodas cion B dween prammialian spechesdect)., human

and mouse, homol enerally have substantial sequen imilarity tq.the.gene or partion thereof,
e.g.; at leadt" %5/3"&%%%323@?& ?ﬂ@/e ﬁgﬂlgl?ﬁ?g? f&as %%%,?grﬁzirg}ua%h% 313311%] Iteasstcé)g%?% %6, 97%, 98%
or 99% betyresmniucteotiderstdiaraddy Sguuerce simitddty iy Heltaldbtatsdbasedoymadreference
sequence, Which 1aY.0s 3:suBsel.of & 1B(0P1 FLSR SRARNEE: &0, 8% &CanenRakpaligpart of
coding region;, flanking region, Ste oA’ reference sequence wilf usually be at least about 18 contiguous
nt long, moee:ustalbpraicdasbabmiti8g ot toHy, langnrayiexeand of iepebmpiételBKERSequence that
is being comparedy. ingicated.
The 3-KSR polynucleotides may comprise a sequence set forth in any one of the
polynucleotide sequences provided herein. The 3-KSR polynucleotides of the present

invention also include polynucleotides having sequence similarity or sequence identity with

native 3-KSR DNA. This includes associated 5° and 3° untranslated sequences, promoter and

10



Algorithms for sequence analysis are Imown in the art, such as gapped BLAST, described in Altschul,
et al., 25 Nuct,Eic ACIDS REs. 3389-3402 (1997). In general, variants of the 3-KSR
polynucleotirles described herein have a sequence identity greater than at least about 65%, at least

about 75%¢aideast:abau-85%, RBH aRhe BRAI AR Aldeast@hautiNe%sn95%. 96%.:9889, 99% or

more as deteimined using conventional methods such as the Smith-\Waterman homology search
algorithm a%/ORARRIRR RS ORI SSRER D SRERPLACRIRFETRE, Bah Didyd! B 4P ple, global
DNA sequenigeidestity soaynbegraalenthamendvoas detesmineddydthesasnithy \Wateroan homology
search algquithm.using an affine gap search with.the following. search parameters: gap.open penalty,
12; and ga%gé%:%ﬁ‘ﬁ&ﬁ%féﬁ gy %a%%%%fﬁwﬁﬁ%kﬁlﬂ%% o%czjagéogf%#selbsrg%flltn%éﬁﬁ%?ﬁhay be
cDNAs or dgenemicpRINAS &S well gstramcatEdS&r sionsvordfiagithe md/thedeof, garticulary fragments
that encode a hiologically active or rescuable 3-1(8R gene, product IS functignal in the eukaryotic
cells into whiCh it lﬁs%r%%lgﬁeg&ntén a (?vcgstﬁré cells 1tt(l)oé?oa\fvg %‘%E&%ﬁ%%?%eaeﬁrﬁ%ﬁg ¢ ﬁlﬁg\fﬁclude all
nucleic acidscthedsiraleahd tamramgsnbentsed seijigeniteadiEtmenisstéuiidinlnatisteotidttire mRINA

species, where segllencefIHCHS a8 RXRHAN-S AN RN SR0IRAIRYINNS MO ARNA

species have contiguous exons, with the intervening introns, when present, being removed by nuclear
RNA splicingrifaireiies 8 Soritimuieles élretsuaieny ramecamain gaal oty pbphdsamRi Apecies can

also exist withheth@xens. aRe IPYIORS: IR Hﬁﬂ@gﬁ&&ﬂ%ﬁ@%&%@@{@gﬂ%é’fltﬁgﬂatiVe splicing. A
3-1(8R genomic sequence may comprise the nucleic acid present between the initiation codon and the

stop codont Y diRten H P YRR eHER BRIt AT HIFBP TR & RTASAL BRER B RISFARAY Bresent in

a native chrepiasemen i:can fttheninclubdedhe Soasd-aipluliansiaiedipgionsdawnd tdtagipaiure
niRNA. The genomie se ce can further include, specific transcripfional and translational regulatory
sequences}’%wsa%?ﬁ%g;ggﬁs% H&ﬁ&% ! e.?ﬁﬂéﬁ%ﬁﬁ‘?ﬁe%%a&tsﬁe lfé?rﬁl?fego %Wﬁﬁ&ﬁ‘gg‘f flanking
genomic DiAi atteithérithe bi@andiduend-db thedrapseribpniegionBs3dkER: Polipepliidesi Fragments
and Variants Thereof. . The 3:KSR palypeptides.of the present invention include thase encoded by
the disclosga%%f “SSK}anE’&e% i 8%$%a§§1%ﬁt‘é?%aﬁlésvcéﬁgaﬁ?s%Oeureg]#%lﬁlﬁ?n%l}Sfrgrat%é%?asma&%eo, nucleic
acids that, bynvirnieioksistiegeneratyl btdthe getietiv dods, mrenmonitdntical eleguenceltdthe
disclosed 3‘541%% Ivnucleotides. A 3-1(8R polypeptide refers to both the full length polypeptide
encoded by the recited polynucleotide, the polypeptide encoded by the gene represented by the
recited polynuelediiferassnien s iutidioscoedrarprehyihelest SKSFRERDHERtdeS D include

variants of ey Ralsaly:QeugHag, Braleing neRate, e yalaNis e hmeIgdus: Ak sLbsiRnglY

similar to naturally occurring 3-KSR proteins, and can be of an origin of the same or different species
as the nat PRI BREUHTAEF S SR PrOtMHSHE e RATISH Y AHE 6 SiFotiah Spetis St aturally
expresses EBEH@QB@%M[Y&QH&@%{}UMJ YeRsMASHNAURE, etc. Between mammalian species, e.g.,

human and mouse, homologs generally have substantial sequence similarity to the gene or
portion thereof, e.g., at least 75% sequence identity, usually at least 90%, more usually at
least 95%, 96%, 97%, 98% or 99% between nucleotide sequences. Sequence similarity may
be calculated based on a reference sequence, which may be a subset of a larger 3-KKSR
sequence, e.g., as a conserved motif, part of coding region, flanking region, etc. A reference
sequence will usually be at least about 18 contiguous nt long, more usually at least about 30
nt long, and may extend to the complete 3-KSR sequence that is being compared.
Algorithms for sequence analysis are known in the art, such as gapped BLAST, described in
Altschul, et al., 25 NUCLEIC ACiDS RES. 3389-3402 (1997).

In general, variants of the 3-KSR polynucleotides described herein have a sequence
identity greater than at least about 65%, at least about 75%, at least about 85%, and can be
greater than at least about 90%, 95%, 96%, 98%, 99% or more as determined using

conventional methods such as the Smith-Waterman homology search algorithm as

11



species). In general, variant 3-1(8R polypeptides have a sequence that has at least about 80%,
usually at least about 90%, and more usually at least about 95% sequence identity or higher, i.e., 96%,
97%, 98% or 99% sequence identity with a 3-KSR poiypeptide described herein, as measured, for
example, byrBilASIh2DinMRSIEIPprametars derseibed abave:dhe vasiant 34 SR polypgptides may
be naturally]j% n%n-natural% é&)c%st-trar;t‘;slationall modified, i.e., the polypeptide has a post-translational
modification patters tRACATRILY BIY SFiSrdichan Br ‘edseisisantany thaiaswitied pesnransiation
modificatiorrofthegyaterallyatroiitringshK SR ffiotaifp seardhe/ PEESEIbIRVAANRRAB0 SRERTIRASSES
homologs oéa -K e%r?]%xﬁep]tgj%% orafrggtr&%pgs thereof) where the homologs are isolated from any
species, usually mammalran sbemegs,pe.g., rodréﬁl%l,a Nch as mice, rats; domestic animals, e.g., horse,
cow, dog, cat; anderAdASR HolvoloigstiviesydidveatieashabtibBR0; isuphysatdeast @baut 40% and
more usual I 0 [ |d seguence identity.to a particular 3-KSR protein described
herein, Whek%g?1 é%%%@%%e%ﬁ%%&%rﬁg% %% Jihe %ﬁ&%ﬂp . C&%ﬁ?’if&ﬁ%‘ﬁ?@i&%ﬁ?@?&%th the
parameters?désiemedlnseves or reagsabigithin IRezstope dithth prastmtinvehtiothareipoiypeptide
variants' eludingAMyARE fIRRSHS: A0S bSIBNs. MTaNs 13y nclde amino agd,subsiitytions.

additions or deletions. The amino acid substitutions can be conservative amino ac itutions or

substitution2 S ER e B Ak batishaipioraaree B Ascer el deglyotsiatio msitdiva

phosphorylatiotirsiterot aBRERR/ MR SHeSIoBiRImIZE MisiAding ?yﬁﬁtbﬁt%ﬂ%%}g?ﬁ%.of one
S

or more cy%eine ng?rld that are FOt necessary for function. Conservative amino aci stitutions

bré £ GRIRAFSMRRS PGB ANRHS FHBICI ThiRf SR RTNERY Sind s tekrn Uizt .the

are those thacflpre
amino acidistibgtituteded/ayianti-aaRMe gariGnetse-as Liaialinoipe anhancedhiolocakagtivity of
a particulararggioneo{igge %Ans%e.%, a fun{:tiongl do_magin and/or, where the polypeptide is a member
of a protein family. & region assotated Wit 5 GHEaHsl 8YR qerant ey sursat ot it a thimiataesa
alterations forphsdentiondb BalGCSRivarsantsngan be based upon the accessibility (interior vs. exterior)
of the amino acid (seey 89 +42 INT, J. PEPTIDE PROTEIN RES. 211 (1980)), the
thermostability of the vtﬁriar?te %o ﬁég%%u e %gé%a}}e?ﬁlf?%ﬁgrfolfz&ug TP BFENCSIES 6)), desired
glycosylatidhiErbense@oragd hisenraredheormbdmed 37 heGEM MICROB) QLIBTAE LA hdesired
disulfide bridges{aee & Gollatse.ckal 32 EA%.%&%?&@%%% @%e‘é‘é%t‘éﬁr@;géé?éﬁ%hﬂ o7

PROTEIN ENG. 1379 (1994)), desired metal binding sites (see, e.g., Torna et al.,
(1991), and"MEESEISFolFEO M Rng ip ko TRINENRINS4 ST Heags)min sedesired substitationgudsithin

praline loopgdsigr, iesciipaiskh iRl +rAQARRE M. MGRRABIQL. s@g%? %gx%%@e&%%ﬁ%fa%%}‘g? pleted

muteins can beéPr duced as disclosed in U.S. Pat. No. 4,959,314 R variants also include
fragments SFthé&’ (FRQES e NS b A dlarkinsrnmeain DI Ave fidpritets and/or
fragments eodréspahdingde-dunatiaakgmains. Fragments of interest will typically be at least about 10

amino acids (aa) tg at Ieg_sltﬁg oyt125 aa,#w liﬁ%h’ usually at least about 50 aa in length, and can be as
long as 300 an in T&ngth or Tongel BPHAFh RSt L RE LIt 3B¢1541in length, where the

fragment will havelaestr&ER pbhmipddacisiythatisdiantient o 3ok plypenticia pagoded by a
omoiog tharenl e o g St Bty AL LE e D) A EORer AP EBHU ot the
correspondiRgligriaists thet.gartottaro fthg deptsanithindltide: these that containithaispesific domains or
epitopes ok g3k R Qi Hbsed 3-KSR polynucleotides.
A 3-KSR polypeptide refers to both the full length polypeptide encoded by the

recited polynucleotide, the polypeptide encoded by the gene represented by the recited

polynucleotide, as well as portions or fragments thereof, 3-KSR polypeptides also include

variants of the naturally occurring proteins, where such variants are homolo gous or

substantially similar to naturally occurring 3-KSR proteins, and can be of an origin of the

same or different species as the naturally occurring 3-KSR proteins (e.g., human, murine,

or some other species that naturally expresses the recited polypeptide, usually a mammalian

species). In general, variant 3-KSR polypeptides have a sequence that has at least about 80%,
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Amino acid sequence variants of 3-KSR may be prepared by introducing appropriate nucleotide
changes into the nucleic acid, or by peptide synthesis. Such modifications include, for example,
deletions from, and/or insertions into and/or substitutions of, residues within the amino acid sequences

of 3-KSR. Amyndombirationefideletiend insesticnaand: sURsHBMILD i5MagdeteAuive atthe fprmal -
3-KSR constru 6010, Jjg/e?)gg tt.lib?)glnal .constryct possesses the desired characteristics. The amino
acid changes alsd fhay ‘Aitet PSSeraniaga ‘gﬁ@é&%@@f%l@gm?wf&?&?éﬁéﬁ@ REesinumber or

position of glycosyiationfsitesaombihiey PostaTanslatipnRahsedifiicationsdasiuding,acetylation. angd
phophory/atgi(gjlgSR (ﬁ\ usetfilél(agnrggh%% %%pﬁlidentification %f certain residues 07 regions of 3-KSR that
are preferred locations for mutagonesia s called Al Sy MingeriEgeHbs e dd e d &idBa by
CunninghaCarEmiet $2249 SCHENCE 0B 185 {1289) pkere, tdesithue G graupeidrtgebresidues
arc identifie g%igm ] S arg, asp, his, lys, and.glu) and replaced by a neutral or
negatively cg}h(a\rgedé}e?rﬁ\li|j r?opC g%%%%%};fg%%‘?g f—:‘t%%%/‘% éln@l%dbﬁ}bp%@égﬂ%ﬁee’f at%lrg%gcgcﬁ?éqﬂéé{éﬁgn of the
amino acid®Wififantigen. Those amino acid locations demonstrating functional sensitivity to the

subsfitutions then a felinahbydnitAdHEIG LUheL.at AleNYABRIS aLLL far, [6 les of substitution.

Thus, while the site for introducing an amino acid sequence variation Is pre g?mlned, the nature of

the mutatioh°perSB s thAGC b s diernmels s srcizaleipiblitomnamalypedee, pevidimance of a
mutation at:a.giveilisiepalrSeanniad.al andem mrageresisisaandusted at.the target .cogon or
y

: . : . , do;
region and gh§ ex éessed 3-§SR variants are screened for the desired activity. Amino’aci

sequence incESha TR SmpgesmdIch e Boiortabsihab tastskal uabiers inhewgth%rend one

residue to polypesptidiés ¢detsintngesbundieormergrasidues:as welbhas liraseruanaginsertions of
single or mgletig%l?ebgd mo acid residues. Exai{%‘uéjles‘of terminal insertigns_include a 3-KSR with an
t

N-terminal methiony e SyUER T STShCS MRS S ARSI S MBI SR b tieRTiamafe These
variants havseatiéastidnthaminmeeid desidibedmtibec3-KSR protein replaced by a different residue.

celoating subSttution Bt AT S el hei AL P ErRANRARING (o0 S ORI of the
polypeptide BéERSoRegm N arshiefithe. shbstittrtiony fockexdamplecasid stieetot hslisadicontosmation,
(if) the charggaaydraRneRicY.Qh e MRlsGe At %ecggggg;a e Ol iicpat%g §t{}l§é§(£&ﬂ[&%%ﬁe (?hain.
Naturally occunina residues are divided into groups based on commaon side-chain properties: (1)
hydrophobit: HEfRREIME, Ahatinals, near eanind Apzpacdifal fiydrephiliciays shenstini(@) sicidic: asp, gin;

phosphorylation site or an acetylation site, or to minimize misfolding by substitution or

deletion of one or more cysteine residues that are not necessary for function. Conservative

amino acid substitutions are those that preserve the general charge,

hydrophobicity/hydrophilicity, and/or steric bulk of the amino acid substituted. Variants can

be designed so as to retain or have enhanced biological activity of a particular region of the

protein (e.g., a functional domain and/or, where the polypeptide is a member of a protein

family, a region associated with a consensus sequence). Selection of amino acid alterations

for production of 3-KSR variants can be based upon the accessibility (interior vs. exterior) of

the amino acid (see, e.g., Go et al., 15 INT. J. PEPTIDE PROTEIN RES. 211 (1980)), the

thermostability of the variant polypeptide (see, ¢.g., Querol et al., 9 PROT. ENG. 265(1996)),

desired glycosylation sites (see, e.g., Olsen and Thomsen, 137 J. GEN. MICROBIOL. 579

(1991)), desired disulfide bridges (see, e.g., Clarke et al., 32 BIOCHEM. 4322 (1993); and

Wakarchuk et al., 7 PROTEIN ENG. 1379 (1994)), desired metal binding sites (see, e.g., Toma

et al., 30 BIOCHEM. 97 (1991), and Haezerbrouck et al., 6 PROTEIN ENG. 643 (1993)), and

desired substitutions within proline loops (see, e.g., Masui et al., 60 ArpL. ENV. MICROBIOL.
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(4) basic: asn, gin, his, iys, arg; (5) residues that influence chain orientation: gly, pro; and (6) aromatic:
trp, tyr, phe. Non-conservative substitutions will entail exchanging a member of one of these
classes for another class. Conservative substitutions involve exchanging of amino acids within the

same class;sVeeters sneading 3dEsrikd mutRRIESEOLIBYERRs fuihieERr Qvides wectors for

expressing any enzyme in the biochemical pathway for mammalian sterol biosynthesis, such as the
enzyme, 3XSR-#éll§-auxotrophic for cholesterol. Generally, any prokaryotic cloning vector may be

used for the constyyctinn, aidhe ¥retalilhenmpsieriNgy ko mutiseadeacistikedia i replication, which
is useful for the prc;i)af%giion of the vector in a host strain of E. coli from W%;:h the vector DNA will be
13

isolated pribfttF e H O P RS ARAE IR ARV ARTFIEL 1B SLHEHRPBHGIR Lo PSBEAtion include,
but are notdinitesk th:eehEliIGieBRIZR +ar athe s so Wee ditam] empathoge e sisains:st E. coll.
The vector may further comprise a_ selection marker for.high cony number expansion of the plasmid in
E. col. Exdiptary SEEEIBR ankai e JeHe tRALLOMEPr SSLARCE (5 Stiioncl Shch as
ampicillin, ¢catp@niciltingtetbacydlinesualilonatrghexicbl kaitdmyciniegetitaiiyemthsuipbaettiosdzole,
trimethoprirn, and others. Additional selection markers th i rs of the present
invention irg}:am%l% Séleer?cgéocféﬁ?é??ir?&lésé%gllgﬁ 6123{{51((;3& %)natgé?aét%aglggﬁrﬁgfﬁ é}égégﬁlca %.n, and other
metabolic prasesskestide havieg vesioramayofliatbiencomipage yeuieniidtcqsrsmesterivyditde expression

of the 3- K§R geng. THIR63) R ARINMALAIGRQIST. SheBAs e manpmaliaghymidineinase (TIC)

gene promoter, Or a stronger transcription cassette, such as the Simian Virus 40 (SV40) origin of
replication nepesitichiensetersrogiving VarptolgPprofibe S 2sieniayildrelieniBgatiitus (CNIV)
Major Immegdiate,Frarly, (MEER RIAMOIRTS88I08 yitheor wiihqibihe intron A and/ or B sequences, or the

human Elongation Factor-1 Alpha (Efia), may also be used to drive expression of the 3-KSR gene. A

eukaryotic transcrisHEMaFEEHATHATGH SEGIEhEAR] dr PoAdEhHTSRBHSRY INES HREBIAPBRIELEHE to stop
transcriptiop.andsignakRalyasienylationd Hhel KSR eaae syiadgpnly adanytadidositanmatude,

theoretically be derived from any eukaryotic gene, but commonly, used.strong poly-ad enylation
sequences%?fcfﬁf&@lﬁf‘e Cirrgs '%Iy?pg}zc%ﬂl & BBvIHe @Fjrg%tﬁ 5 W? e Eég’ér%—?jé{ues A U

amino acid sequences of 3-KSR. Any combination of deletion, insertion, and substitution is
made to arrive at the formal 3-KSR construct, provided that the final construct possesses the
desired characteristics. The amino acid changes also may alter post-translational processes of
3-KSR, such as changing the number or position of glycosylation sites or other post-
translational modifications including acetylation and phophorylation.

A useful method for the identification of certain residues or regions of 3-KSR that are
preferred locations for mutagenesis is called “alanine scanning mutagenesis” as described by
Cunningham and Wells, 244 SCIENCE 1081-85 (1989). Here, a residue or group of target
residues are identified (e.g., charged residues such as arg, asp, his, lys, and glu) and replaced
by a neutral or negatively charged amino acid (most preferably alanine or polyalanine) to
affect the interaction of the amino acids with antigen. Those amino acid locations
demonstrating functional sensitivity to the substitutions then are refined by introducing
farther or other variants at, or for, the sites of substitution. Thus, while the site for
introducing an amino acid sequence variation is predetermined, the nature of the mutation per
se need not be predetermined. For example, to analyze the performance of a mutation at a
given site, ala scanning or random mutagenesis is conducted at the target codon or region and
the expressed 3-K SR variants are screened for the desired activity.

Amino acid sequence insertions include amino- and/or carboxyl-terminal fusions

ranging in length from one residue to polypeptides contaiming a hundred or more residues, as
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As depicted in Figure 2, one embodiment of a vector (in this case, named p3-KSR), may comprise a
pUC-derived bacterial origin of replication (on) and a beta-lactamase gene (bla) that confers ainpicillin
or carbenicillin resistance in E. coli strains sensitive to these antibiotics. The vector may also contain

the Cytomegelioasrus4Clyl\h ddaimernomediate:FarhnMiB)nmmetss andanbanser i diye expression
of heteroloqgus recombinant, S%Z%Je%_ oned into the polylinker region. The Simian Virus 40 (SV40)

poly adenylSHOH SEgEEHoEI &Y 18 G WA FBE R GPhEtFdHe heterologous

recombinant sequéncésaygdhé BHBR genmimetisienihspeliadenylaie the nassenimBRNAs from
each gene. Th(;OSV4O. roml%t?r a(?d cl)giglig é)_fﬁ'gﬁlication (SV40 on) maﬁfbe located immediately

upstream of five SR Gene to drive Bxpression B SERAHShP A REF et Ihyi§%pecific
embodiment, the $¥SRgenesmEcbeinsertedtinio o eiopbiyieiretihelonimR ofrthemusine 3-KSR
eDNA ampljfi j f library..Rrimers ineered to applify 3-KSR from a
mouse kidnggfgrg%%%r rbjgrlr?g@ggb%é{%%ﬁ%%%x@?ggfgfeﬁg éﬁ%%n?&ﬁ?cﬁl%ﬁ;ee Srh pABTERIIE Pm111
site presentintthétplyare erivesinrérrep!igs ke oanhilitchesite ibpresentinthéregionibeteen the
5V40 on e SHAR o 6, BRI FESHE D E AR Usd g gone i

gene into the Emil site of the p3- KSR backbone. The drientation of the gene in the vector ‘?ﬁay be
determinedSt§: Fa<iietibh e shthasitsechraSRuREN)cart i dessyctarnidiatitd Di/gsegeencing.
A polynucl%ﬂ&g@{m&{mg%@{gmmg at least one heterologous polypeptide of interest is
then inserted into the vectO{ comprising the 3-KSR gene at a multiple cloning region or site as shown

for example in Figdrey’S R8P, #Alde iR &b dntileStdlE or cassettes are under the control of or
operably linked to(a)pramaitardasmilt atiaysexpression in a eukaryotie or preferably a mammalian host
cell. iLLTransfect'gg %f ells witll: Vectors Encoding 3-KSR The introduction of polynucleotide

t

vectors encoding &r0 893% %%teins of interest (and 3-KSR as a selection marker) into host cells

may be accompligh¢tagsingsteghnibjisel/wetkknown in the art including, but not limited to,

clectroporation, li git;g' N Icium, phosphate precipitation, polyethylene glycol precipitation,
sonication, transfgc ioné,igt?a%%é%ﬁ??rcgncs%}lm%ﬁ%%gﬁd%%r’a]i’ lf%/’fé% lon. See SAMBROOK ET AL.,
MOLECULAR CLONINGaACL ABORATORY MANUAL (3d ed. 2001).  Any eukaryotic cell,

preferably mammalian, hase: olesiginl AUXRIIPBNS AIBMIADIE (penzyipe aciviy,such as KSR

. . (]
activity, may be used for trEtnsfection. Exemplary cell lines may e, butare no imited to, NS-0
(ECACC No2g5 fosusfiRSIIstE CATE N Y 85EtazInsandob - exehs drigwiemitas etils, 265(28) J.
Biol. Chemyw &7 12= 344 22Q3). The present invention also encompasses eukaryotic cells, and
specifically, mammalian cells, that are not initially auxotrophic for cholesterol but are made so by using
radiation, rﬁhtageﬁ]iﬁcgﬂérﬂ§%’é‘éo}%ﬁ%tional gene knock-out techniques to inactivate endogenous

genes encoding foh3 t&BhagidtiesdfetudingsntRotlimiehioxABdhydraxysierid dehydrogenase
ermbodimeR TS 2B YRR GEPE e LR, B Bl is 52288 o LA et 3
, 9 o) ) n . “33Mi se 3j3

-Itd 1V, mouse@/Gphsdiv aind dsaamsteGaIRHgChtl; prbiiahyate: ket i funGHEN IRXGHS INaIYHRS
3-ketosterqjgnl’s§l%légg%soe§ the vector. The vector may comprise a bacterial origin of replication, which

is useful for the propagation of the vector in a host strain of E. coli from which the vector

DNA will be 1solated prior to transfection of mammalian cells. Examples of bacterial origins

of replication include, but are not limited to, Col E1, pUC, pBR322, or others sourced from

non-pathogenic strains of £. coli. The vector may further comprise a selection marker for

high copy number expansion of the plasmid in E. col:. Exemplary selection markers include

genes that confer resistance to antibiotics such as ampicillin, carbenicillin, tetracycline,

chloramphenicol, kanamycin, gentamycin, sulphaethoazole, trimethoprim, and others.

Additional selection markers that may be used in the vectors of the present invention include

genes conferring selection based on heat shock, metal detoxification, and other metabolic

processes.



NS-0, NS-1, CEla-215, and other cholesterol-auxotrophic cell lines that arc trimsfectex| with an
expression vector which contains the 3-1(8R selection marker (and a polynucleotide encoding a
heterologous protein of interest) should be grown in medium lacking cholesterol. In certain other

embodiments, the Fosteelts may foelgrownyin any sty ies andieholesiesa: ireqmeditm.which
contains thqg%ﬁo \ing ;J%Q-eg&q%g%tiv? Iista ff sterol pr%%%rsors: , L
4-methyl-5a-cholesta-3,8. 2 triene-3. 13-01 328K ARty BBttty padiardhgase
5a-cholesta(318) 24neiprens 3, of, asidiopS-oxwGipthoiesta: 24-dienehd bpsripraew 30r&actyypstream

of 3-KSR indhe; higehemical pathviay.of gholesterol. . To address regulatory concerns, the host cells
(before or aftegtranfegtion) may be gr\géﬁﬁr?r? gﬁlg/e%lﬁﬁlab}/ee%é%%lﬁ%ﬁﬁ%tﬁ}Sb&‘ﬁ bSithfted to,

serum-free MEBTACHIOIERMSED M dite] enamicditye difine O\l iay mo Enyposmbingtion Whekeefkircluding
chemically defibed satny e meria, Phis RHicH aspeel of e olosenl IMenion agfieeses

i : - o), jua .
concerns that animal-derived proteins and/or proteins of unknown origin may re der¥e inant

protein prodticts Nt LBR t8F puRidRetR e aBetie ot dialjrstic trees@néspetifiviemibodiment of a
suitable grosethueneslivimis,Cladiyhridema Mediwy é@ﬁ%@&ﬁ@&&&oﬁgﬂs&@! ﬁgid%{% A ghemically

defined, serauc{n-frlee megil}xlm tur]?t contains no proteins of animal, plant, or synthetic origin‘and has
been confirMed {6 B P& SAaNaBHE ysaias sradsarinisarsise may fisemaberlbels dfihedphosent
invention mayyleelprgvitie deas, alreashiacaptestiaaenaryopirie gratbe Medid, sHEh 85 CD-SFM.

Often, cells @y, ted tq such.m diz,i rigr to transfection, In_that case, cells may be adapted to
HyQ(r) CDM g%%()ﬁi’/?k%é‘@}]t%eg%ﬁ} T ,%ﬁf@ﬁ%}?&ﬁl@%ﬁéﬁﬁﬁﬁ defined, serum-free medium

that is devoid of arisrdrierivend Bempanentsrithailatier commeareiahyiavailabls.medimdgglides

sufficient a ol rt the growth of cholesteral auxotrophic cell lines. After
transfectior?,?1 (ta#g %%%%%E%%ﬁ%@%ﬁ%%ﬁ?ﬁ s%l?gé?iSn i ef&ﬁmlﬁ?%ﬁ?éﬁﬁggf&%%%ﬁﬁﬁleIy, the
transfectant8lardhetrerE s aronsidbrerofroenividdiunsissing tagsied smettiasuppiememeskwith scrum
that has begnsxtenrsively. deligida [ igues and to not support growth of
parental cells. _Following transf%%éjﬁ%%,Qf%ﬁ%mggg'?ypgggﬁ@%gé@ gt) I%d\%ag{%gﬁgél?%eselect for
stable trandfeHR&MEE R IpHOISHI cahraproptiste quksstionofiediunogay beaseihaln one

embodimentfie.selersion mediken Brav.compsise GRHRridom ngo géné%gv“ ggg'l‘a{v‘

L-Crlutamine or Glu%'%(gax and IX NEAA (non-essential amino acids %nrlsbad,

CA).  In‘CEHEI S mBodiTEiar Blocrish Srgrsamsabbnshianiestrloseraddertoithat selection
medium to sptimizes grolvite conERigas-alieritantesinn, g wRWH sLRRlements Maybe.added
post-transf%%tignf%ea@éﬁp rr&%gfte ggll line including, but nat limited to, NS-0, NS-I, CHO-215 cells. In
a specific embodiment. the Cockt BFFORIPSEENIEMERIESHA) B trstbrlersirdizapedetedinsfection
growth contigtnsnfiorN8-6-E6IK ehnonedeivbagiraeitin thetgicowtbc-supplements may comprise, but are
not limited to, ser nin, interleukin-g, i in, sodium selenite, sodium pyravate, and
ethanolamine. %%&%&%Q E}Hbodlment, gie giggﬂ gene may be nserted into a ggctor by direct

cloning of the murine 3-KSR ¢DNA amplified from a mouse kidney cDNA library. Primers

engineered to amplify 3-KSR from a mouse kidney ¢cDNA library may contain, for example,

PmlI ends, which are compatible with a Pmll site present in the pUC-derived vector, p3-KSR,

and which site is present in the region between the SV40 ori and the SV40 poly-A. Thus, a

3-KSR ¢DNA restricted with Pmll may be used to clone this gene into the Pmll site of the p3-

KSR backbone. The orientation of the gene in the vector may be determined by restriction

endonuclease analysis (REN), and dideoxy-termination DNA sequencing.

A polynucleotide or gene or a cassette encoding at least one heterologous polypeptide

of interest is then inserted into the vector comprising the 3-K.SR gene at a multiple cloning

region or site as shown for example in Figures 3, 4, or 5. The inserted polynucleotides or

casseties are under the control of or operably linked to a promoter that will allow expression

in a eukaryotic or preferably a mammalian host cell.
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Any appropriate, commercially available version of serum albumin may be used including, but not
limited to, bovine serum albumin (BSA), bovine serum albumin fraction v, and whole human serum
albumin. In certain embodiments, the serum albumin may be fatty-acid free, instead of unmodified, in

order to renfore popsiblgohiolesteralrsaidmalbunitsempliexegkHat may supply the lipid to growing
cells. Fatty-acid free BSA i%%v_aila le from numerous companies including, for example, Research

Organics, Inc., Clevafand SIS EIRAPCOMHSHRPATS BF AR BoRAP NPT SHE IIeEsiBup i HeEimited to,

a range frorfeabGuk ORL% icdabounsftrrsalectionediymay morecspediicalysahodt 2 %ssahgut 0.5%,
about 1.0%, about 1.5% abquéz.O%o or Pre. up to apout 5.0%. In a specific embodiment, final
oy Bt S0

s afbing B Sbott REORS AR SRR CCoRslisByRbRERRate

concentration of SarUns ATbians iy
supplementrtteatiitajobeposethtdeoptiiize greviittcondiionstneludes fotedeuiinultane embodiment,

recombinan&.mghb m&y\p}%lqﬁ%&t{g{p%\&gg f%%rfﬁé’ IP(/It%dés%%rM/B\Q&Final c&pncentration of IL-6 may

include, but is not limited'to, a range from about 1 nghai ng/JnITﬁan égfé%‘t%ﬁmedium, more
specifically, laltRt T AR LA B UE3 Ad/AN01about 4 ng/mL, about 5 ng/mL, about 6 ng/mL or more, up

to about 9 ng/mL. 'z‘&‘r@%E&Eflﬁi@@%ﬂoﬂ%@?%%hﬁﬁ%la‘f%ﬁ?%%?%g&%gﬁfsléfé r%%)éttge about 5 ng/mL in

selection medium, Concentrations of IL-6, such as rhiL-6, may Usted from Patéh'to hatch, as
necessary, (ERNGEPHE FRaHTRetNeYs Teforet B actbrithansytorinesd for Thesfetkail of growth

supplements:raayisiten nauan insuliaespeciically irssempinant) wpar-psulin (RayRIoreeh. Inc.,

Norcross, G () Eal%il concentratig))n of this component may include, but is not limited to, a’fange from
about 5 mg S Ml Qeiddicriediott srsratapeiciieafly (dhouBsdn §erabblt 2-mg/L,
about 8 mg/l7 dlseot)9 mg/L, about 10 mg/L, about 11 mg/L or more, up to about 15 mg/L. In a specific
embodiment, the fiﬂ?l concetntratictm of insulin ma%be about 10;:55%{:; in selection medium. ~ Sodium
selenite may also be UESHTH BEHHZE GiB RRACTORHRAS U tsAlekis BRAITBSHHc N yarmalian
concentrationllsf this sepplenediymaydnohide fautlisiaatliritecto nadange frommabauted ug/L to
about 8.0 ug/l.,i ecti edium, mare specifically about 5.5.ttg/L, about. 6.0 ug/L, about 6.5 ng/L,
about 7.0 ug%t%%e%r%raeé,e%%% %C%I&thép.ﬁ lr?aﬂi_).g n %ﬁ%lgé’g %%r%%%‘i? SR RS RS tion of
sodium seleiitesraaso e abot b SRigiti witiselecliohnpdditmot limitedathear7armbaditpentsidsodium

pyrovale mayiesed & A" UPPIETRl (AL BIOSEIRCes. Ings LeRera KA T

é{%?clzg%gcentration
of sodium pérjuvate may include, but is not limited to, a range ffom abou out'0:3 WL in
selection mEUHFHARIBFE Spkedireany, thp tueoablgckabozane. Meylinebdet 0115 git lonitedre, up to about

0.3 glL. In aspesiigrempadinentthe finakcopcaniraion afsodium.pnyate may e ahout .11 /L in

selection medium. The cocktail of growths supplements may further include ethanolamine
(Sigma-AldFEr{PPR G R 1VEligs METORRAI LEiiEfFation of this supplement may include, but is not

limited to, a rangerom asoutEHHINGA. sarkaet 3:51ReH1 RIS speRilicalmahaut 40 mg/L, about 1,5
mg/L, abou% 2.0fmg/ . 3%(‘)ut 2.5 meg/L or more %@to about 3.5 mﬂ%}. In a specific embodiment, the
PHRISS 8] SR A RS ARy P B B B S G Sdtetiofl sriaefparicer (and a

final concertyation 6
polynucleotide encoding a heterologous protein of interest) should be grown in medium

lacking cholesterol. In certain other embodiments, the host cells may be grown in any serum-
free and cholesterol-free medium which contains the following non-exhaustive list of sterol
precursors: 4-methyl-5a-cholesta-3,8,24-triene-383-0l, 3-oxo0-4a-methyl-50- cholesta-8,24-
diene, 5o-cholesta-3,8,24-triene-38-0l, and/or 3-0xo0-50~cholesta-8,24-diene. These
precursors act upstream of 3-KSR in the biochemical pathway of cholesterol.

To address regulatory concerns, the host cells (before or after tranfection) may be
grown In any suitable media including, but not limited to, serum-free media, protein-free
media, chemically defined media, or any combination thereof including chemically
defined/serum-fiee media. This particular aspect of the present invention addresses concerns
that animal-derived proteins and/or proteins of unknown origin may render recombinant

protein products unsuitable for human therapeutic or diagnostic use. One specific
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In a specific embodiment, the cocktail of growth supplements may comprise fatty acid-free BSA
(0.1%-5%), rhiL-6 (1 ng/mL-9 ng/mL), recombinant human insulin (5 mg/L.- 15 ingl), sodium selenite
(5 fig/L-8 ug/L), sodium pyruvate (0.01 g/L-0.3 gl), and ethanolamine (0.5 mg/L-3.5 mg/L) (final
concentratiensoiusatection srsilgotnaneltienspecticemhedimentahe Eﬁ%&%i!,g}[)@ @g{%ﬁh
supplementé nl gogn rise fattiiy id-free BSA (1%-5%), rhiL-6 (0.5 pg/mL), recé’m Inan .Human
insulin (10 Mg %ﬂ oditirn SEER ‘t%gﬁé.9“3“)?%68?%*%9?&%@@(0.t:mfgnl)f,aamaém@ﬁ@wmfmz(za&ng/L)
(final concepitratjonsntsefectitunmed humhenyehanothearm bedipreniidheaq6kiail of growth
supplementg,rlﬁ]}zl&/r()clogrgl erSise fatty acid-free BSA (1%), rhiL-6 (0.5 ng/mL), recombinant human insulin
(10 mg/7_,), so P Sefenite (6.7 pig/L), sodium pyruvate (0.11 g/L), and ethanolamine (2 mg/L) (final
concentrations in S8ledtiencatiediliting presetrt anethenemipodimentdsiegrowihysanpiements may
comprise f id- ithil -6, recombi insulin, sodium selenite, sodium pyruvate,
eth.anoIama}}r%ﬂf%%atr{i%%%@g{%&d\ﬁﬁ’s%%%lgﬁn%%s% &ﬂ%@?ﬁe?%%ﬁ%ﬂ B e YR uBiEments
may compriSefattjeatiifrielBSmsehiel, mesdmbitmmehiorhBrORSDINVeNSNselenie, Soditm
pyruvate, eth nine, jcally | ed or used,in the growth of cultured
Cals, In 3 Sl e T b B ) SOl BSA, hiL-s.
recombinarftRiFarPIRBANFR S o dft frhedeTammenserifim pyilakieanedizmclminitre, safitivotathenssbstance
typically fouwrkinisersn Wygianathebempodingntihe Aowit, sHPAIEMENts may Gomprise fatty

acid-free BA, rhlL-6, recombinant hurrum insulin, sodium selenite, sodium pyruvate, ethanolamine,
any substafte /P GERFHSEH RS GRS REteCHAY Briienaritbeny ibpkessuppldenesintiutling water,

and no otherasihstancewhatspeyer chéiKitsforREomuging Haterologous B@ﬁ@i%gﬂa&&{%ﬁem
invention fuvrvtlf%?rsgrovi %§1kit for commercial sgle. In eeLLain embodiments, the kit may comprise a
vector, a plirality of cells, Khd GrofTstpplefisanide el evre ranay <hmprrerakiyoeic@®ncoding an
enzyme in themiochemical patbvayedtis. mammalin sterol biosynthesis, such as fo; example, 3-KSR,
useful for the selegti f cells sfeeted with the vectar. Users of the kit may clone a target gene
into the vector usiggﬁagr‘{g 3%%%8%%%%%%5 rf:cf:%lllils SR URISEY i ﬁ&ﬁﬁ%‘%ﬁ%&%ﬁ‘éﬁ&?ﬁ#&f&ns are
auxotrophié'fireHelsétensinin dnthisrrsedinrent atecpeliseprdvidied indhierkitmmayealkeadyhamadapted to
grow in chesmisallelined aedis, Inanaihecmbadivent he el providsd o tne Ky may aiready be

adapted to grow in chemically defined, serum-free media. In response %plpealu EUS Wéta ents, the
cells may He HEH B o WigRine € &R et wesidibbadster aidel(fowedges®adventitious
agents.  cipgnethesgmbodiment, the kit may comprise growth supplements, as described herein,

that support groweﬁh of cells including, but not limited to, NS-0, NS-1, and CHO-215 and cells. In certain
embodiments, the kit THAY SBIRSHEEE i i ieheantahisaprlspisots evdroadredftodts in serum-free

media, protelrdies metian ehepaicatly definedonedislmny combipationdhersef ngluding chemically
defined/serum-{)ree:ec,{ge ia. In a specific embodiment the kit may comprise growth supplements, as

described Rerbin: thAt sUPport e JHowh BPCBREERA el BE fackidse debanidinetditedfor

example, dyrNg-the’Hostianstectiprapeclifnitng diltion, cY edering ik RGHhRIBsRmentFWHhermore,
any heterologous protein of interest. Indeed,

the kits of I t invention may he used to expres <

the natureﬁgﬁg%%%?r%é) {o#nt Je %Oesgé%%/xos%eggg %%?é’ﬂﬁe%?&égggﬂ o tNe-rdlscdir rresmhndisanbultures of
the presentlipepitithsarelnoetithitey Bomexample aptagmithpRSRMay Aewnainesresfar-expression
of a singleiglglﬁﬁﬁggg,&%psgﬁgﬁg;t ]i;égﬁlége%n}}regvia an I'cea%gg% g&%axgression of standalone proteins, such

. 1Y .
as a single chain'hormone, an atter’is meant for express@n of a dual chain molecule, such as an
antibody. Any appropriate, commercially available version of serum albumin may be used

including, but not limited to, bovine serum albumin (B SA), bovine serum albumin fraction v,
and whole human serum albumin. In certain embodiments, the serum albumin may be fatty-
acid free, instead of unmodified, in order to remove possible cholesterol-serum albumin
complexes that may supply the lipid to growing cells. Fatty-acid free BSA is available from
numerous companies including, for example, Research Organics, Inc., Cleveland, OH. Final
concentration of this component may include, but is not limited to, 2 range from about 0.1%

to about 5% in selection medium, more specifically, about 0.2%, about 0.5%, about 1.0%,
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In a specific embodiment of the present invention, a recombinant antibody molec_ule may be expressed
using the vector containing the necessary genes. See for example, Figure 3. Antlpodles are cpmplex
proteins made up of multiple components, specifically two heavy chains and two light chains, in one

embodimenihthe PB4 &fRurecios maydie enginesred. tyjnaislecemplgis hamanargdight chain genes
for human Immuma Iobuéjn G I%@lcloned in tandem. Protein expression from this recombinant

&' S&éfetion’o glﬁéﬂ%m%ﬂ%b‘ﬁ/ﬁﬂﬁ%%@ﬁ‘ﬁ%ﬁuently be isolated from the

construct results intha's Ses _
cell culture and pukifieitifogrourinseppiainese idumansaonacionakantbesies pssnaribsuiteg e be

applied as k erapeutics because they are specific to a single antigen and can be used to target
sgre)cific pat%%%?e%r?gﬁdréggﬁs?%retrllfm%rlsr.nentt’ Vé%d l%ﬁ?rh%l?]%ﬁlzgsﬁga%ﬁﬂ? S et 0t gt Bhe skilled in
the an, usinyaficopsetédihdndesoristitnticaniilisethe m:em;mmmmm&aadgueisﬁ@mn The
following e I il j ; limiting of the remainder of the disclosure in any way
whatsoeve)ﬁ%lg%fl\%élﬁ‘%s} Hggagf%lgeg : D@rﬂ%ﬁs%%%nmg% Cholesterdl e g%ﬁ%na o?%é rl\%éjyﬁiie Myeloma

Cell Line N&0r caémicaigubthesals ebar-FreéNiedhomt 6 ng/Mhermmineimyeibma elptine. NS-0
was adapted toshuarindaprdant chemical 'é’oﬂ@éiﬁ?ﬂiéﬁ%&f&f@%@%‘dﬁéﬂgfg%gg for e%gagghons to

test the suitab%ty of 3-KSR as a selection marker in this cell backgroun conditions from

the onset. NEG LIS frsraiigneatil-CoidbRhat mAtrbg eATy ah & cDMidaNNDAEHFCIoneCD).

Accession aelicbanks{AGR) were geReraled faneach ofheiGDRSEMsagapted NS-0 cell lines. An
assay was setup L&tdeteli%jjﬁ%}he dependence of CD-SFM-NS-0 cell lines on cholesterol

supplementation in' th&" BT UPREL NS B0 SRt thuteroshBrspanidicallituring

CD-SFM-NS<0mkitsiin imediuinswith Rt pbolestenak. fewesthandfe mhtheselstemnainaliye. In as few

5d fallowing culturing.in. CD-SFM, no live. cells could be detected by Trypan Blue exclusion
:flalys?g.sl ngé%lﬁéf%)gﬁl? anin (e%rlr‘ﬁ%fgf’el%f§ ?olmﬁllp S48 f HRes Tl %Qﬁteséﬁg/én@ean"é%Hé‘él%FoF&Nas not

observed, raleiiingthd wensitvityprrifienlbckiafuthtsipit, isbthe Culipie meditmdZxample &: PCR
Ao anpL e A asteial gt et RN D AR o an

embodiment, the final concentration of insulin may be about 10 mg/L in selection medium.

Sodium selenite may also be used to optimize growth conditions (J.T. Baker,
Phillipsburg, NJ). Final concentration of this supplement may include, but is not limited to, a
range from about 5.0 pg/L to about 8.0 pg/L in selection medium, more specifically about 5.5
pg/L, about 6.0 ng/L, about 6.5 pg/L, about 7.0 pg/L or more, up to about 8.0 ug/L. Ina
specific embodiment, the final concentration of sodium selenite may be about 6.7 ng/Lin
selection medium.

In other embodiments, sodium pyruvate may be used a growth supplement (SAFC
Biosciences, Inc., Lenexa, KA). Final concentration of sodium pyruvate may include, but is
not limited to, a range from about 0.01 g/L to about 0.3 g/L in selection medium, more
specifically, about 0.05 g/L, about 0.1 g/L, about 0.15 g/L or more, up to about 0.3 g/L.. Ina
specific embodiment, the final concentration of sodium pyruvate may be about 0.11 g/Lin
selection medium.

The cocktail of growths supplements may further include ethanolamine (Sigma-
Aldrich® Co., St. Louis, MO). Final concentration of this supplement may include, but is not
limited to, a range from about 0.5 mg/L to about 3.5 mg/L, more specifically, about 1.0 mg/L,
about 1.5 mg/L, about 2.0 mg/L, about 2.5 mg/L or more, up to about 3.5 mg/L. Ina
specific embodiment, the final concentration of ethanolamine may be about 2.0 mg/L in

selection medium.
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A murine 3-ketosteroid reductase (3-KSR) gene coding for Alits 772118C1.111,1S 313-
hydroxy-delta(5)-steroid dehydrogenase (115d3 LS) was amplified from cDNAs generated from adult
male BALBIc kidneys. After PCR amplification using oligonucleotides specific for the published

sequence of the MuriNg &S BHBHS A5, &Q&Mib@ﬁ&-@&%%ﬂ%%ﬂﬁ%ﬁ%ﬁ% byggarose gel
electrophoresis. Thi gand wf?s i§§lza5§d and cloned into pCR-Blunt II-TOPO vector (Invitrogeng), and
subsequentﬁf’%g?ﬁ% ntd- tHE prak TR PS e Im vl of TeRT Atk Bumesrissdet (§ cattéd

pBFicsr.l.  15Medl] kbabdingdegion ®L.3/kst InNBHeshh Woscanrfmadhy. PNAsegyencing, and its
open readin fran”lle orf) gvgs %?f]?%re%ét&e %ublishec! sequence. The determined sequence
matched 10%3%31\]/\%%1 S& b iR&d Ul B0 SE ST R L SelFRPOR B iaere SSiGR TR ber
A49573. Exsprglec3niraisfeetidr andGdlet iomaf NpdaelissimShamisaly fRefinad-FatlyAgid-Free
Supplementgd, Sglectign | wum construct pBF7cst.1 containing a correct 3-KSR orf is
transfected ﬁt{gglﬁ}égdiggllg n%lgé/lglgfg TRE é%}éﬁ@}ﬁ‘gﬁﬁé@%zw é%%&re%@ﬁﬁbf@ﬁf@?ﬁé@%election
medium. Thegthediedireopisisieisf (théfellowimg: €@ Bablybride Aar(irivittGgen(sh e utamax (2mM,
InvitrogenC -essent] ' i inyitro atty-acid free BSA (1%,
Calbiomern)” Reraman human T A TS,
Sigma-AldriePrrise Rivacidifisr Bigh @0, sbibclioh Sspbrbintectiiligtihulazs fasks @9 follows. On
the day of trapafecianthe g0 @arental cultireiscavnie H%i%gﬂy%nﬁfx and Auene@usi method to
I%s% e g%/g Ble~orsAch

differentiate between live and dead cells. The culture should be at feast 90% viable
transfection ' HBo G FHSIIS SFkerhgRimsditmaddition to the plasmid transfections, one "mock”

transfection (withokit adtRgr hasidibRRetermediosasiablish a:negative.coiel Jhe gellpare
centrifuged %TE gvashe b r%%us ending the cell pellet in 20 mL of serum-free transfection medium
and centrifuging Oﬁ%%nﬁﬁd}}ép PRAL TR RAER, eIt setimravaats, shaaelmnion 1nd rsf

serum-free ttansfectidnsoppdéuranhéRDNAaeluit sneepanedhy e susprAding ARKe.affhe.purified
linearized o@&yg&é)ﬁ]é 5?8]29%1&06{ d(iastill d stetr'le Water.?l’lineari ation of DNA is achieved with any
DNA restriction endonuclease, comfﬁo%?f}%ﬂltaﬁoiﬁgls?ﬁié?é Ty B StERILey GEFS PREH 0N
endonucleagBayolumick. rastricts hRFdstaterngpicill he hétalhotamase apeaseadirafiame (orf). This
entire DNA tign, | : , oration Guyette. The 700 tit, of cell suspension is added to
the DNA soﬁiig'n%qag ?%S%e%ég gﬁg ﬁ%%@éﬁ;}%ﬂ %‘;t%i%%lneé? ?&%%Wgc%%p&%a%i& %?éi%tﬁes. The
cap is placetPdn the-Guyerabinannammansuiinpradadrndlveislestoporation appaiatiot(Gene Pulser ||
(Blo-Rad Lakergiories dnshiersiesiCALAnsObyalen): ASNOIRAUSE 01280 vplls, J0Qpld is

delivered to the cuvette (field strength of 625 V(cm). Optimum conditions sho-uld é?\%r% time constant

value no gr&RBITREHSE 1A FOBETRHS 2T H @ L e1fica e Hy daH-8 . TR pin i hakidricalljnsefined datly

acid-free suppisimaesiedseleation-medinaaitife] 115 &@J&@HH&!E?ﬂ%@ﬁ@%éd%%&%&r@ﬂ&%@&%m 37C,
5% CO2, 90% relative humidity pvernight. . The culture transfected with pBFIcsr.1 and Selected in
§ remgﬁ?a%f%%;&&ﬁé SLTPRSNBIag Yaittion RredifnsSsRstnee whaikeruly significant

chemically-defirie
numbers ofiliie cdilkafterraddwaak sRiretizsalativadmsontrols. Mock transfected NS-0 cells grown in
the same selectiv%:onditions do not produce sta 'stigally significant numpbers of live cells after a 3-

week selection, Exanmpie 4+ Fgﬁ%?é)c%ﬁ, HELHER S B BB FA M JAGERHAI Antibody in NS-0

embodiments, the kit may comprise a vector, a plurality of cells, and growth supplements.
The vector may comprise a sequence encoding an enzyme in the biochemical pathway for
mammalin sterol biosynthesis, such as for example, 3-K SR, useful for the selection of cells
transfected with the vector, Users of the kit may clone a target gene into the vector using an
appropriate restriction enzyme(s). In certain embodiments, the cells are auxotrophic for
cholesterol. In one embodiment, the cells provided in the kit may already be adapted to grow
in chemically defined media. In another embodiment, the cells provided in the kit may
already be adapted to grow in chemically defined, serum-free media. In response to
regulatory requirements, the cells may be derived from a working cell bank which would be

determined to be free of adventitious agents.
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Cells in Chemically-Defined Fatty Acid-Free Supplemented Selection Medium The mammalian
expression vector pl3Fdhilt | was constructed and serves as the backbone for the cloning of
mammalian genes, including human antibody heavy and light chain coding sequences, for expression
in the dinydrofolateseggiaseehipnonmant pargnial sl ine. GHE- RR Hising (s vertoy. a human
laG1 heavy chain constant region expression cassette was oned inthe mul |b?e cfonlng site (racs),
and serves 2§15EbAb FYBR HLBAN R @A briiel izt sey bonitestoT NS Ve tibr lwas! d&sated
PBFC110-.1:neassetten mﬂ&%ﬁ%@gm&wﬂi%@Q%w@ggagi&aﬁgusmﬁmﬁaﬂgﬁ%@@ﬂ@%imo a
- |g

baculovirus expression vector containing a human light chain constant region cassette, t. The
entire light cHEIH CSHiIAY S &y SRHEE 5SS s e ticHiNT efomed b pBFaifidafims soémeeradual

expression veetoinpiimeisspaaifiadmthe:Snend PHRGMYMIE:-ard ta-the BGH:-RAaR the
complement%%sérandtvvtﬁrelﬁlésed to amplify a light chain cassette containing pCIVIV-IVIIE
TWhich contained Bigfi? CSHOYEh BB HAE, PR CRIF AEirAs habsegaethy cloned

chain-BGHpA, whic eon
into the unicgreBYIE CHERMEAEH cottesplondingdndhiichieassy Ghaimepsiit: Tharsulting
construct, pRfriltf. 1. contains complete.huma ﬁ;ﬁigod light and heavy chain genes cloned in
tandem. 'I%ne ?n%é%%@%&%ﬁ F&.B%%%E%i‘a%lé“@%@ éﬁ’gaiiﬁgisolated and cloned into pCRBIlunt
II-TOFU vector (InVitrdgeniRyeaihd kithsethegntiyers cloreddntathé pREdititaxasn by construct, in lieu
of dhfi-. Thig, pieyy eeBstHclRBIK sl eH I} centaining a carrect 3:KSR orf is transfected into NS-0
cells and selected i% chgr%igally-def?need' fa%%f/%g%ﬁgx?rgét%hp&agﬁ%ﬁ%&? ste Eé% cl%oeﬁozgé?j‘ilﬁr%@ﬁ]ilé initial
transfection SAticsEd dtidhr ischerfeHiiagssinnouirll srltpaes dibibkrBssthowinentiamsfeciohiptelts e
cultured dirasthyip g gieaion adiimn e lbae L RIPCIEFLMI BEP S L bl WMAR 2nd

|

immediately selected in cholesterol free medium. produce statistically significant numbers-of live cells
after a 3-welRSEBREDH PRSI KoRtrBrESIOR ek Hasioatar NEne. callh arowmgletimisame selective

conditions deonabpepshicestatisticatysignifieapiaumbers afive.sellsaiterna 3uuesk.Selaation,
Upon selection and growth of u-ansfected cells, cell free supernatants are assayed for recombinant

n , . .
inAb by enzyme linRet R THERBPEHREE LAY RISSA) UBISEHg st prsirabapiat sribrdyasatemdected
with pBF/csmb: Bebipdsane sangpled andreentifigedite sesaveanyaells-ane: deRrisidNingty.six-well
plates are cgatggt}/gitgigs g%aéoantil-h,uma%n.Fabl mbda_specific antibody (Sigma-Aldrich(r) Co., St.
Louis, MO) solution formulated by addmg 9 prots &if Eﬁg%?%%&é’ﬂﬂ%ﬁ’é% Y OB Plates
are incubateddigs anfest Rabhormanth nosrorbotiar: weeks- ARG Qndayydassayealates are
rinsed 3 timgs.yith ityk A% tween in PBS). Achuman IgGi la a monoclonal
antibody standard (cjé%%%ktf)%g il %%%5%%9(5% %&ggh% i %é%%wélelrllngllﬁudl g %gﬁi}%%mcp’@%?ﬂ%een ata
1:2 ratio to GEHEPAtESENIRESEITCEmalio T promebiiBat hostsindtardsis tadul ét tedhi@bedell plate at
100 p..L peryyghcSam elﬁfe,@&uma@ema@@smgege{mecgem%@%ﬁ%ﬁ'9&%&%9@89 dJE‘fBi ieen and
or m

added to the 96-well plate at 100 tL per well, Theplate is incubate our atro emperature.

After incubdifoRPHEHI4tE i Washaraamieasl RibrEisT e siellaspitsdiichaswirdise e digoat anti-human

lgG Pc antibegy$GRE beuseaithershyaiiiR) issdiuteshd 2000 nBBS/Meen apdaddeddo the
96-well plate gt 10%-§|7 %er well. The plate is incubated for 1 hour at room temperature. Atter
{

incubation, THE"BEY 84"4%Hes with PBS/tween. A 3,3,5,5' tetramethylbenzidine (TMB)

substrate (Sigma) Kidsdeditththelbovieh plate atAORphpenwaliiThererctionisstarped after
approximatel inute with the add'tlilg%e f 100 p.L of 0.5 M 1-12S04 (Acros Organics, Geel,

1 min .
Belgium). T%%Cpﬁgpegisersézgg%na% VTG oY S50 R TR0 e Aoies rdrdbl kb Ediferiag
equivalent. &lalsfaesulishativpositvedonthdipresenatiof ihesaaenyginant oRABP AL UE!: way

whatsoever,

EXAMPLES

Example 1: Demonstration of Cholesterol Selection of the Murine Myeloma Cell Line
NS-0 in Chemically Defined Serum-Free Medium
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What is claimed is: 1. A vector comprising a polynucleotide encoding an enzyme in t_he stfarol _
biosynthetic pathway of a eukaryaotic cell, a biologically active fragment. thereof or a blologlcally_acnve
variant thereof and a polynueleotide encoding a heterologous polypeptide. 2. The vector of claim 1,

wherein said enzyme compiisesachkalastaioidaagiciass, 3q TJ‘&/‘é%H%%zgﬂfelgimh%m‘?@Iﬁaﬁnlsaid

3-ketostero§r§du tase comprises a murine 3- ketosteroid reductase. 4. The vector of ¢

wherein sai i SREOHRY SASENY Freebripris és ISt a DNt ility STREAER traof claim |,

wherein saidgelyiuucleatisehengodinthaaigenaime Corypizes HERIPND: . o@rs&h%\l‘é?&t(%g f claim 1,

wherein said polynucleotid odes the amino acid sequence of said enzyme comprismg QID '
NO:3. 7. Th\é%\fg)c/;r}t(’;él (t)efgc\ .??18339(}?{%38 TSR IBde et AEs HE s Bbidsseusarce of said

enzyme conwptisingkSEATH) Wk 4enerated for each of the CD-SF M-adapted NS-0 cell lines. An assay
was setup to determine the dependence of CD-SFM-NS-0 cell lines on cholesterol
supplementation in the growth medium. These assays showed that 72 hours after culturing
CD-SFM-NS-0 cells in medium without cholesterol, fewer than 10% of the cells remain
alive. In as few as 5 days following culturing in CD-SFM, no live cells could be detected by
Trypan Blue exclusion analysis. In addition, an intermittent growth phase of these cells in
the absence of cholesterol was not observed, revealing the sensitivity to the lack of this lipid
in the culture medium.

Example 2: PCR Amplification of a Murine 3-Ketosteroid Reductase (3-KSR) and
Cloning of a 3-KSR into an Expression Vector

A murine 3-ketosteroid reductase (3-KSR) gene coding for Mus musculus 38-
hydroxy-delta(5)-steroid dehydrogenase (Hsd3D5) was amplified from cDNAs generated
from adult male BALB/c kidneys. After PCR amplification using oligonucleotides specific
for the published sequence of the murine 3-KSR Hsd355, a distinct band of about 1.1 kb was
detected by agarose gel electrophoresis. This band was isolated and cloned into pCR-Blunt
[I-TOPO vector (Invitrogen®), and subsequently recloned into the pBFdAfr. 1 background, in
lieu of dhfi. The new construct is called pBFksr.1.

The 1.1 kb coding region of 3-ksr in pBFksr.1 was confirmed by DNA sequencing,
and its open reading frame (orf) was compared to the published sequence. The determined
sequence matched 100% with the published murine 3-ketosteroid reductase with NCBI
accession number A49573.

Example 3: Transfection and Selection of NS-0 Cells in Chemically-Defined Fatty Acid-
Free Supplemented Selection Medium

A construct pBFksr.1 containing a correct 3-KSR orfis transfected into NS-0 cells
and selected in chemically-defined fatty acid-free supplemented selection medium. The
medium consists of the following: CD-Hybridoma (Invitrogen®), Glutamax (2mM,
Invitrogen®), NEAA (non-essential amino acids) (1%, Invitrogen®), Fatty-acid free BSA
(1%, Calbiochem), Recombinant human IL-6 (5 ng/ml, Promega), ITS Liguid Media

Supplement (1%, Sigma-Aldrich). The initial transfection and selection is performed “in
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8. The vector of any one of claims 1-7, wherein said vector is a recombinant DNA expression vector.
9. The vector of claim 8, wherein the recombinant DNA expression vector further comprises at least a
first transcription unit for a product gene which transcription unit is under control of the human

zytomegaleyiys Rromotesskd @s &n@%c@lztxaaa@imwf&tmv&etm ol cdikurt e host cell of
claim 10, Whel‘EIE:S&Id host cell |s eukar otic cell, %‘?E‘H{' host cell of claim 10, wherein said host

cell is aux B YSPeaTes st b F\‘BEIIEEW qﬁn%tle shy s dkoantdnad sdllcted from
the goup c@hsmllmg@ﬂi‘d&@bé\lﬁ%aﬁm%HQ&&EoﬂéacTuh@mfsm@M abelaim-<10) wiereis said host cell

is an NS-0 mous nac 15. A kit ising: a vegtor rising.a v c ing a
polynucleo]t?ﬁ‘e1 ﬁ%tné%c(gg ggna%) (te}ﬁez r%sénlhd e's %Cr% %lb%@%the?éoéglfnv%ay ofa & (%Vl ggﬁ%}g%?ell a
biologicallylzotive fragrvemttherestolish biotegical Iyoaut»ﬂ/eﬂw|a¢i18th@re@ﬁwﬁugadmﬁnaﬂ§he¢hbsor more

of:a plural}%/s&gp@gg n%ech% E@ﬁtp%l?e?mrgg%Ilesggulﬁh@fla%sé‘%%eotlon medium and centrifuging
once more. For each transfection, 1 x 107 cells are resuspended in 700 pL of serum-free
transfection medium. The DNA solution is prepared by resuspending 40 pg of the purified
linearized plasmid DNA in 100 L of distilled sterile water. Linearization of DNA is
achieved with any DNA restriction endonuclease, commonly but not restricted to Pyul
(Proteus vulgaris restriction endonuclease 1), which restricts pBF/sr.1 once, in the beta-~
lactamase open reading frame (orf). This entire DNA solution is added to an electroporation
cuvette. The 700 pL of cell suspension is added to the DNA solution in the cuvetie and
mixed gently by pipetting, avoiding the creation of bubbles. The cap is placed on the cuvette
and the cuvette is placed in the electroporation apparatus (Gene Pulser II (Bio-Rad
Laboratories, Inc., Hercules, CA) or equivalent). A single pulse of 250 volts, 400 pFd is
delivered to the cuvette (field strength of 625 V/em). Optimum conditions should give a time
constant value no greater than 8 milliseconds. The cells are added to 12 mL of chemically-
defined fatty acid-free supplemented selection medium in a T-75 cell culture flask and
allowed to incubate at 37°C, 5% CO,, 90% relative humidity overnight.

The culture transfected with pBFksr.1 and selected in chemically-defined fatty acid-
free supplemented selection medium produce statistically significant numbers of live cells
after a 3-week selection relative to controls. Mock transfected NS-0 cells grown in the same
selective conditions do not produce statistically significant numbers of live cells after a 3-
week selection.

Example 4: Transfection, Selection, and Expression of a Monoclonal Antibody in NS-0
Cells in Chemically-Defined Fatty Acid-Free Supplemented Selection Medium

The mammalian expression vector pBFdAfr.1 was constructed and serves as the
backbone for the cloning of mammalian genes, including human antibody heavy and light
chain coding sequences, for expression in the dihydrofolate reductase (dhir) mutant parental
cell line CHO-DG44. Using this vector, a human IgG1 heavy chain constant region
expression cassette was cloned in the multiple cloning site (mcs), and serves as acceptor for

human heavy chain variable sequences. This vector was designated pBFdhf.1:Hcassette.



chemically defined, serum-free media; growth supplements that support the growth of said plurality of
host cells at low-seeding and clonal densities; and at least one protocol to utilize said kit. 16. The kit of
claim 15, wherein said enzyme comprises a 3-ketosteroid reductase. 17. The kit of claim 16, wherein

said 3-kelosteroighyedysiasseaipniisesiamuring] Ssdkplanter oiditetivctased k8o Thakitofialaim 15,
wherein said polynucleotide encoding said enzyme comprises SEQ ID NO: 1._19. The kit of claim 15,
wherein sé?@ﬁé%%?é@ﬁi&@“éﬁ‘&b%?g@ﬁ&%%%}éa&bH‘PBF%QE%% ﬁ%%f-‘éﬁ?é’.“‘éo‘?%*ﬁe ﬁ?eof claim 15,
wherein sgigiralyateieatideipncadesibewminnagidsequened ofisaitfehzymelocampisingaSEQ 1D

e OB et SRR PERHFI e AT TREGHTGEe of sald
the complementary strand were used to amplify a light chain cassette containing pPCMV-MIE
—light chain-BGHpA, which contained Bglll REN sites on both ends. This fragment was
subsequently cloned into the unique Bglll site in each corresponding pdhfr:Heavy_Chain
construct. The resulting construct, pBFdifi.1:humAb contains complete human antibody
light and heavy chain genes cloned in tandem.

The murine 3-ketosteroid reductase (3-KSR) gene is isolated and cloned into pCR-
Blunt II-TOPO vector (Invitrogen®), and subsequently recloned into the pBFdhfr.1 hiumAb
construct, in lieu of dhfi. This new construct, pBFksr.1:HUMAB containing a correct 3-KSR
orf is transfected into NS-0 cells and selected in chemically-defined fatty acid-free
supplemented selection medium. The initial transfection and selection is performed “in
bulk,” in T-75 flasks. Following transfection, cells are cultured directly in selection medium.
The culture transfected with pBFksr,1:HUMAB and immediately selected in cholesterol free
medium produce statistically significant numbers of live cells after a 3-week selection
relative to controls. Mock transfected NS-0 cells grown in the same selective conditions do
not produce statistically significant numbers of live cells after a 3-week selection.

Upon selection and growth of transfected cells, cell free supernatants are assayed for
recombinant mAb by enzyme linked immunosorbant assay (ELISA). Briefly, supematants of
cultures transfected with pBFksr.1:HUMAB are sampled and centrifuged to remove any cells
and debris. Ninety six-well plates are coated with a goat anti-human Fab lambda specific
antibody (Sigma-Aldrich® Co., St. Louis, MO) solution formulated by adding 9 uL to 6.3
mL of phosphate buffered saline (PBS). Plates are incubated for at least 24 hours and no
more than 2 weeks at 4°C. On day of assay, plates are rinsed 3 times with PBS/tween buffer
(0.1% tween in PBS). A human IgG1 lambda monoclonal antibody standard (Sigma®) 1s
diluted to 5 pg/mL in PBS/tween and serially diluted in PBS/tween at a 1:2 ratio to generate a
standard concentration panel. Each standard is added to the 96-well plate at 100 pL per well.
Samples of unknown antibody concentration are diluted 1:2000 in PBS/tween and added to
the 96-well plate at 100 uL per well. The plate is incubated for 1 hour at room temperature.
After incubation, the plate is washed 3 times with PBS/tween. A peroxidase-labelled goat
anti-human IgG Fc antibody (KPL, Inc., Gaithersburg, MD) is diluted 1:2000 in PBS/tween
and added to the 96-well plate at 100 pL per well. The plate is incubated for 1 hour at room
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22. The kit of any one of claims 15-21, wherein said vector is a recombinant DNA expression vector.
23. The kit of claim 22, wherein the recombinant DNA expression vector further comprises at least a
first transcription unit for a product gene which transcription unit is under control, of the human
cytomegalavifs praRoete: 24eublgdd! @t gaimil hawhereinsaidhasiseitiz selected-from the group
consisting of NS-0, NS-l,,%%%(%HOQlS. 25. The kit of claim 15, wherein said host cell'is an NS-0

mouse my&fGRRLRIT0SE! VI HRTTTEE, (RAsaly dard ki i 4re dbinlste @t hehpeally

defined, senum-fiee regdivmis Adpdoteakitaipiaimmibewharginsaidihas! celisisre aoapiaddeochemically
defined mei\qf"f%' (i& The kit of (:IairEJI lf,mein sgri%%owth supplements commis, at least one of
fatty acid-frée SR VA8 FeeBibimisht itsuf REGitAeas Biitd 2Xelanah By arRe B
ethanolamifiecri28MEhenicitopl ataima ds owbersin saidryrsmhsupplémetisstompsise dipakence
concentrat'ﬁ%énr&%le%tﬁoa% me iumO%{1 a,[bout 0.1% to about 5% fatty acid-free BSA, about I. ng/mL to
about 9 ng/mL rhLL-6, abou mBym %6 about 15 mg/L recombinant human insulin, about 5 ug/L to
about 8 ttg/L sodium selenite, about 0.01 u/L to about 0.3 g/L sodium pyruvate, and about 0.5 rng/L to
about 3.5 mull, ethanolamine. 30. 'The kit of claim 15, wherein said growth supplements comprise
final concentrations in selection medium of about 1% fatty acid-free BSA, about 5 nginiL rhiL-6, about
10 mg/L recombinant human insulin, about 6.7 tig/1_, sodium selenite, about 0.11 WI. sodium
pyruvate, and about 2.0 mg,/L ing/L ethanolamine.
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31. A composition of cell culture supplements comprising final concentrations in selection medium of
about 0.1% to about 5% fatty acid-free BSA, about 1 ng/mL to about 9 ng/ruL rhiL-6, about 5 mg/nit to
about 15 mg/L recombinant human insulin, about 5 ttg/L to about 8 ttg/L sodium selenite, about 0.01
g/L to about 0.3 g/L sodium pyruvate, and about 0.5 mg/L to about 3 5 mg/L ethanolarnine, 32. A
compositioWbktielcbuitha®isupplements comprising final concentrations in selection medium of about
1% fatty acid-free BSA, about 5 ng/inL rhiL-6, about 10 ing/L recombinant human insulin, about 6,7
ug/L sodium selenite, about 0.11 eL sodjum pyruvate, and about 2.0 mg/L. mg/L ethanolamine. 33. A
method of Selectirfy (RIS PRIFBHARE MRS M ARAUAF IS %%ﬁ@?dpéﬁﬁ%?@n%?f@ﬁ@%ﬂ ng
eukaryotic salis:hab e auoUaPhin, fobRIkeSIBIOINID Raacior Berap singrpelyalleiestide that
encodes an enzyme in the sterol biosynthetic pathway. of a ukarf%/otif: cell, & biologically active
fragment tWé‘Fé%’fték‘aq%f’é‘&iéﬁwy%ﬁv&%?iﬁ?ﬁ%geﬁpﬁﬁﬁoﬁﬁ% BRYREPESE one polynucleotide that
encodes a heterolpgeuscprotgicizand, seheciingdelis tyaichaveptheabdifyctossemiiVesdustredium lacking
cholesterol, 34. The method of claim 33, wherein said cells are selected from the nsisting of
NS-0, NS-f’,‘and ggﬁ}fﬁ@? @%Xﬁlﬁé@m\g f6d'o aé?afr%%tﬁ,s%vev 01eadrrerf’ra %%? ece?@%};é%gé%g}#ﬁ%ge myelmna
cells. 36. Theomethiddafuctasm 33, wherein said medium is chemically defined and serum-free Or
chemically defined,, 37. The hod of ¢lai , ' ' £ gg,g" SR 35 roid
reductase. g38. A?Fn%etﬁgat% P @@%ﬁ%’g&%ﬁs t %%%%%gﬁ%%%%%%ﬁ%ﬁ%ﬁ a mediS m a%%ﬁg
cholesterol$i#d Prod(ce a heterologous protein comprising:

5 The vector of claim 1, wherein said polynucleotide encoding said enzyme comprises
SEQ ID NO: 2.
6. The vector of claim 1, wherein said polynucleotide encodes the amino acid sequence

of said enzyme comprising SEQ ID NO:3.

7. The vector of claim 1, wherein said polynucleotide encodes the amino acid sequence
of said enzyme comprising SEQ ID NO:4.

8. The vector of any one of claims 1-7, wherein said vector is a recombinant DNA
expression vector.

9. The vector of claim 8, wherein the recombinant DNA expression vector further
comprises at least a first transeription unit for a product gene which transcription unit is under
control of the human cytomegalovirus promoter.

10. A host cell transformed with the vector of claim 9.

11. The host cell of claim 10, wherein said host cell is a eukaryotic cell.

12.  The host cell of claim 10, wherein said host cell is auxotrophic for cholesterol.

13.  The host cell of claim 10, wherein said host cell is selected from the group consisting
of NS-0, NS-1, and CHO-215.

14.  The host cell of claim 10, wherein said host cell is an NS-0 mouse myeloma cell.

15. A kit comprising:

a vector comprising a vector comprising a polynucleotide that encodes an enzyme in the
sterol biosynthetic pathway of a eukaryotic cell, a biologically active fragment thereof or a
biologically active variant thereof; and optionally one or more of:

a plurality of host cells that are auxotrophic for cholesterol;

chemically defined, serum-free media;
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fransfecting eukaryotic cells that are auxotrophic for cholesterol with a vector of any one of claims 1 -
9, and at least one polynucleotide that encodes a heterologous protein; and selecting the cells that
have the ability to survive in medium lacking cholesterol. 39. The method of claim 38, wherein said
cells are auxotrophic for cholesterol. 40. The method of claim 38, wherein said cells are selected from
the group cEHRTE T esags Mist suriedt e, of saré elietitp @ Dfastaimil 48, whevesitisaiticells are
NS-0 mousgpivelamaigllsng42. The method of claim 38, wherein said medium is chemically defined
and serum-free or chemically defined. 43. A method for producing a hetcrologous protein comprising:
transfecting%Qﬁ?ﬁ?ﬁ&ﬁd’%ﬂ?@ﬁéﬂ‘éﬂé@ﬁ%@t}%bhic for cholesterol with a vector of any one of claims 1 -

9; and at leagt onetpelynucieatide shahensedes aheleriadpHsRItelRIARd SHltkIng.the cells under
conditions tQ_produce the ?et?eérrglolgous protein. 44. The method of claim 43, wherein said cells are
auxotrophic for chlj;%% HOE. B TRe AT BB A difioa e iR SPahr esfr comsisse AsBEted from the

group consiktingiabNIeQudsel, and C1-10-215.
18. Thekit of claim 15, wherein said polynucleotide encoding said enzyme comprises
SEQ ID NO: 1.
19. The kit of claim 15, wherein said polynucleotide encoding said enzyme comprises
SEQ ID NO: 2.
20.  Thekit of claim 15, wherein said polynucleotide encodes the amino acid sequence of
said enzyme comprising SEQ ID NO:3.
21. Thekit of claim 15, wherein said polynucleotide encodes the amino acid sequence of
said enzyme comprising SEQ ID NO:4,
22.  Thekit of any one of claims 15-21, wherein said vector is a recombinant DNA
expression vector.
23, The kit of claim 22, wherein the recombinant DNA expression vector further
comprises at least a first transcription unit for a product gene which transcription unit is under
control of the human cytomegalovirus promoter.
24.  Thekit of claim 15, wherein said host cell is selected from the group consisting of
NS-0, NS-1, and CHO-215.
25, Thekit of claim 15, wherein said host cell is an NS-0 mouse myeloma cell.
26.  Thekit of claim 15, wherein said host cells are adapted to chemically defined, serum-
free medium.
27.  The kit of claim 15, wherein said host cells are adapted to chemically defined
medium.
28.  Thekit of claim 15, wherein said growth supplements comprise at least one of fatty
acid-free BSA, thIL-6, recombinant human insulin, sodium selenite, sodium pyruvate, and
ethanolamine.
29.  Thekit of claim 15, wherein said growth supplements comprise final concentrations
in selection medium of about 0.1% to about 5% fatty acid-free BSA, about 1 ng/mL to about
9 ng/mL thIL-6, about 5 mg/mL to about 15 mg/L recombinant human insulin, about 5 pg/L
to about 8 pg/L sodium selenite, about 0.01 g/L to about 0.3 g/L sodium pyruvate, and about
0.5 mg/L to about 3.5 mg/L ethanolamine.

27



46. The method of claim 45, wherein said cells are NS-0 mouse myeloma cells. 47. The method of
claim 43, wherein said medium is chemically defined and serum-free or chemically defined. 48. The
method of claim 43, further comprising obtaining the heterologous protein from the cell culture. 49. A
method of ex&ressing a heterolo u;}égéotein comprising culturing a cell transfected with a vector

0 ‘ .
comprising asequEhtsireiaitg!3: ﬁ@?é@éﬁr@“@‘ﬁ%’eﬁ%‘?@%ﬂé&@m fiatérologaitrsprotein in the
absence of shalrsiriolisiden consiiansdepiogice:-thekatesalngouspioteinr 0.Jde eted of claim

2ro sclociod WO RO LU BF NS, B ENSO0 MO S50 i SYORTN 5L,
wherein saidncelisyare. N Dl mogsecmyeddmaneells. 53. The method of claim 49, wherein said medium
s Chemicallé/1QefinE%g£gO§E{gIrlT1 o_p ge?l%&lg}g g?liggllgngggnc%gﬁpﬂsing final concentrations in
selection medium of about 0.1% to about 5% fatty acid-free BSA, about 1 ng/mL to about 9
ng/mL rhIL-6, about 5 mg/mL to about 15 mg/L recombinant human insulin, about 5 pg/L to
about 8 pg/L sodium selenite, about 0.01 g/L to about 0.3 g/L sodium pyruvate, and about 0.5
mg/L to about 3.5 mg/L ethanolamine.
32. A composition of cell culture supplements comprising final concentrations in
selection medium of about 1% fatty acid-free BSA, about 5 ng/mL thIL-6, about 10 mg/L
recombinant human insulin, about 6.7 pg/L sodium selenite, about 0.11 g/L sodium pyruvate,
and about 2.0 mg/L mg/L ethanolamine.
33. A method of selecting cells that can survive in medium without cholesterol
comprising;
transfecting eukaryotic cells that are auxotrophic for cholesterol with a vector comprising a
polynucleotide that encodes an enzyme in the sterol biosynthetic pathway of a eukaryotic
cell, a biologically active fragment thereof or a biologically active variant thereof and
optionally at least one polynucleotide that encodes a heterologous protein; and
selecting cells that have the ability to survive in medium lacking cholesterol.
34.  Themethod of claim 33, wherein said cells are selected from the group consisting of
NS-0, NS-1, and CHO-215.
35, The method of claim 34, wherein said cells are N'S-0 mouse myeloma cells.
36.  The method of claim 33, wherein said medium is chemically defined and serum-free
or chemically defined.
37.  Themethod of claim 33, wherein said enzyme comprises a 3-ketosteroid reductase.
38. A method for obtaining cells that have the ability to survive in a medium lacking
cholesterol and produce a heterologous protein comprising;
transfecting eukaryotic cells that are auxotrophic for cholesterol with a vector of any one of
claims 1 - 9, and at least one polynucleotide that encodes a heterologous protein; and
selecting the cells that have the ability to survive in medium lacking cholesterol.
39.  Themethod of claim 38, wherein said cells are auxotrophic for cholesterol.
40.  Themethod of claim 38, wherein said cells are selected from the group consisting of
NS-0, NS-1, and CHO-215.
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4] The method of claim 40, wherein said cells are NS-0 mouse myeloma cells.

42.  The method of claim 38, wherein said medium is chemically defined and serum-free
or chemically defined.

43. A method for producing a heterologous protein comprising:

transfecting eukaryotic cells that are auxotrophic for cholesterol with a vector of any one of
claims 1 ~ 9; and at least one polynucleotide that encodes a heterologous protein; and
culturing the cells under conditions to produce the heterologous protein.

44.  The method of claim 43, wherein said cells are auxotrophic for cholesterol.

45.  The method of claim 43, wherein said cells are selected from the group consisting of
NS-0, NS-1, and CHO-215.

46, The method of claim 45, wherein said cells are NS-0 mouse myeloma cells.

47. The method of claim 43, wherein said medium is chemically defined and serum-free

or chemically defined.

48.  The method of claim 43, further comprising obtaining the heterologous protein from
the cell culture.

49. A method of expressing a heterologous protein comprising culturing a cell transfected
with a vector comprising a sequence encoding 3-ketosteroid reductase and at least one
heterologous protein in the absence of cholesterol under conditions to produce the
heterologous protein.

50.  The method of claim 49, wherein said cells are auxotrophic for cholesterol.

51. The method of claim 49, wherein said cells are selected from the group consisting of
NS-0, NS-1, and CHO-2135.

52.  Themethod of claim 51, wherein said cells are NS-0 mouse myeloma cells.

53. The method of claim 49, wherein said medium is chemically defined and serum-free

or chemically defined.
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